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Executive  Summary 


Executive  Summary 

This  planning  document  is  one  result  of  the  wingship  investigation  recently  completed  by  the  Advanced 
Research  Projects  Agency  (ARPA)  for  the  Department  of  Defense  (DOD)  at  the  direction  of  congress. 
This  plan  is  intended  to  guide  technology  development  in  the  event  DOD  should  decide  develop  a  wingship 

vehicle. 


The  roadmap  identifies  six  technology  areas  important  to  the  design  of  mission  oriented  wingships.  Three 
of  these  areas  have  the  potential  to  significantly  improve  wingship  performance.  They  are:  propulsion;  take 
off  aids;  and  structural  loads.  Three  other  areas  are  sources  of  great  uncertainty  in  the  design  process  and 
progress  in  these  areas  would  greatly  increase  the  confidence  of  design.  They  are:  modeling  and  simulation; 
sensors;  and  actuators.  Also,  there  are  two  functional  areas  that  the  development  of  wingships  wdl  greatly 
influence.  They  are:  design  methodology  and  flight  testing.  The  roadmap  also  provides  rationale  for  w  y 
fundamental  developments  in  aerodynamics,  hydrodynamics  (except  as  it  influences  design  loads  and 
takeoff),  and  stability  and  control  is  not  necessary. 


This  roadmap  suggests  how  technology  programs  might  evolve  in  the  event  that  he  US  started  developing 
wingships  aggressively  enough  to  produce  a  new  design  of  double  the  previous  gross  weight  every  ten 
yean  beginning  with  a  nominally  400-ton  design  with  an  initial  operational  capability  in  2005.  The  roadmap 
provides  notional  schedules  and  costs  for  the  six  identified  technology  areas  and  indications  of  how  design 
and  flight  test  functions  might  change  to  accommodate  wingships. 

The  technology  roadmap  covers  a  total  period  of  40  years.  The  first  ten  years  (leading  to  the  design  of  the 
first  two  vehicle  sizes)  has  considerably  more  detail  than  the  reminder.  The  estimated  cost  for  the  first  ten 
years  is  $358  million  This  cost  does  not  included  the  design  and  building  of  mission  capable  vehicles. 
These  are  development  program  costs  only.  It  does  not  include  full  scale  engine  development,  design,  build 
and  test  The  majority,  by  far,  of  the  development  costs  are  propulsion  related.  Propulsion  related 
development  cost  are  7 1  %  of  the  total  for  the  first  10  years. 
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Introduction 


1.0  INTRODUCTION 

For  the  purposes  of  this  roadmap  it  will  not  be  necessary  to  build  a  specific  Operational  Requirement 
Document  (ORD),  but  rather  to  understand  the  process  and  objectives. 

This  document  is  one  of  several  summarizing  the  results  of  a  two-year  study  about  general  class  of  vehicles 
currently  called  wingships.  Wingships  are  a  subset  of  the  more  general  class  of  vehicles  called  "wing  in 
ground  effect"  craft  or  WIG-  By  definition  and  by  design,  a  WIG  depends  on  the  aerodynamic  ground 
effect  to  enhance  its  performance.  Specifically,  a  wingship  is  a  water-based  WIG  and  is  not  amphibious. 

i-i  Background 

In  November  1992,  Congress  directed  the  Department  of  Defense  (DoD)  to  determine  whether  it  had  any 
interest  in  starting  a  wingship  program.  Initially  the  direction  specifically  excluded  any  consideration  of 
mission  applications.  Subsequently  Congress  broadened  the  direction  to  permit  study  of  mission 
applications  and  enabled  a  much  more  robust  answer  to  the  question.  Another  study  document  (Wingship 
Investigation  Final  Report)  summarizes  the  tentative  answer  to  that  question.  The  complete  answer  to  the 
question  depends  partly  mi  the  wingship’ s  technical  performance.  During  the  study  it  became  clear  that  the 
performance  of  existing  wingships  (all  Russian)  was  inadequate  to  be  of  much  interest  to  our  DoD. 
Consequently,  the  study  group  did  three  things  to  improve  the  expected  performance  of  future  wingships: 
(1)  Applying  existing  and  near  term  Western  technology  to  the  most  developed  Russian  configuration  type 
resulted  in  some  performance  improvement  (2)  The  study  started  a  series  of  small  technology 
investigations  concentrating  on  the  problems  most  limiting  the  performance.  The  most  important 
performance  limiting  problem  is  the  high  power  required  for  take  off.  And,  to  be  complete,  (3)  the  study 

prepared  a  plan  for  future  technology-development  that  could  further  enhance  wingship  performance. 

\  ^ 

This  document  is  that  plan. 

1 2  Objective  and  Scone  of  Technology  Roadman 

This  roadmap  seeks  to  provide  die  rationale  and  the  initial  plans  for  a  Concept  Formulation  (6.2)  technology 
program  to  systematically  develop  the  technology  uniquely  related  to  improving  the  expected  performance 
and  utility  of  wingships,  and  the  accuracy  with  which  that  performance  and  utility  can  be  predicted.  The 
tyrfinirai  scope  of  this  roadmap  is  comprehensive  —  it  says  something  about  all  the  technologies  relevant  to 
wingships.  However,  some  subjects  arc  detailed  than  others.  The  six  more  detailed  subjects  are  those  the 
study  team  believed  were  significant  for  the  following  reasons:  (1)  they  are  significantly  unique  to 
wingships;  (2)  they  exhibit  significant  technical  uncertainty;  and  (3)  they  promise  significant  performance 
and  utility  improvement. 

1.3  Methodology  of  Developing  Roadmap 

Several  underlying  assumptions  provide  structure  to  this  roadmap's  development  Expected  mission 
applications,  and  the  anticipated  maximum  technology  development  rate,  the  minimum  sizes  that  have 
significant  military  utility,  and  the  maximum  sizes  we  believed  to  be  “designable”  —  all  influence  these 

underlying  assumptions. 

Concerning  size,  there  are  three  conflicting  arguments.  Hie  most  demanding  heavy-lift  long  range  missions 
require  very  large  vehicles  —  on  the  order  of  10  million  pounds  gross  weight  —  to  achieve  overall 
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pounds  as  the  maximum  weight  craft  they  could  design  with  confidence. 

heavier  than  its  predecessor). 

The  first  craft  would  roughly  mate*  the  size  of  the  oraM  mite 

size  is  that  it  has  not  yet  proved  its  militao'  u  ^y  certainly  motivate  further 

significant  improvements.  Developmg  a  ^.LW««d  ^  concerns  of 

-  r^rrr,^ 

rjt  “Jor^omer  at  tm,^ tar  year  fouS 

Z  third  and  fourth  craft  in  ten-year  intervals,  assuming  missions  went  found  for  each  n 

Because  engine  developments  are  so  long,  evolutional,  and  expensive,  we  assumed  that  the  powering 
options  for  the  first  two  sizes  would  be  derivatives  of  aviation  types. 

1 a  Technr1"^  Proqram 

This  technology  prognm  emphasizes  and  has  plans  ft*  only 

sSSSSSSSisaruiss 

Formulation  (6.2)  These  three  technologies  are. 

1)  Takeoff  and  Landing  Technologies 

2)  Propulsion 

3)  Structures 

,  t.  nth/,r  th_.  areas  must  be  accomplished  but  their  issues  are  less  pressing  and  can 
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years  may  enhance  their  state-of-the-art 
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were  not  seen  at  tire  outset  of  tire  roadmap  development  to  merit  inclusion  until  Full  Scale  Engineering 
Development  (6.4).  Each  is  discussed  below. 

The  steady  state  aerodynamics  of  wingships  in  cruise  flights  is  now  quite  tractable  and  well  understood. 
Various  analyses  and  experiments  have  steadily  contributed  to  this  area  for  the  past  60  years.  Empirical 
relations  for  estimating  tire  performance  of  wingships  are  not  as  good  as  those  for  conventional  aircraft; 
however,  they  are  adequate  to  estimate  tire  sizes  and  proportions  of  craft  to  perform  specific  missions.  The 
advent  of  “production  line”  numerical  methods  has  further  added  to  the  capability  and  enabled  very  accurate 

computation  of  the  steady  aerodynamics  during  tire  iterative  design  process.  - 

The  unsteady  aerodynamics  of  wingships  is  not  as  well  developed.  This  lack  of  development  primarily 

results  from  tire  fact  that  there  is  one  more  source  of  unsteadiness  in  tire  wingship  case  when  compared  to 

aircraft.  In  aircraft,  unsteady  aerodynamics  results  either  from  air  motion  (gusts)  or  from  craft  motion 
(maneuvering  or  flutter).  In  strongly  ground  effected  flight,  the  time  varying  contour  of  the  water’s  surface 
also  results  in  unsteady  flow.  For  example,  the  flight  of  a  wingship  in  still  air  over  a  fixed  wavy  surface  is  a 
true  unsteady  flow  that  has  no  free  flight  analogy.  Another  difference  is  that  the  turbulence  spectrum  is 
coupled  to  the  water  surface  thus  altering  its  statistical  description  compared  to  turbulence  at  higher 

Using  aircraft  and  hydrofoils  as  examples,  we  believe  that  craft  designs  will  generally  be  based  on  steady 
flow  aerodynamics  with  margins  applied  to  cover  the  environment's  statistical  nature.  Examples  of  this 
approach  include  stall  margins  for  aircraft  and  cavitation  margins  for  hydrofoils.  Some  wingship  unsteady 
phenomena,  such  as  resonant  motion  over  wave,  are  just  now  tractable  with  the  latest  unsteady 
Computational  Fluid  Dynamics  (CFD)  codes.  In  any  event,  these  codes  are  available  to  solve  wingship's 
unique  unsteady  problems  as  they  occur.  It  does  not  seem  that  the  future  of  wingship  design  rests  heavily 
on  further  developments  in  tire  general  understanding  of  unsteady  flow. 

Hydrodynamics  permeates  many  aspects  of  wingship  design.  This  technology  roadmap  document  does  not 
suggest  a  general  technology  program  in  hydrodynamics  because  it  is  so  design  dependent.  There  is  much 
hydrodynamics  development  as  an  essential  pan  of  take  off  technology  and  as  an  essential  part  of  structures 
and  loads.  Also,  hydrodynamics  is  the  key  technology  in  achieving  acceptable  habitability  during  loiter  on 
the  sea  surface,  and  tire  design  methodology  described  in  Section  4  incorporates  habitability.  Design  studies 
will  suggest  specific  hydrodynamic  developments. 

It  is  easy  to  show  that  during  wingship  cruise,  tire  pressure  induced  displacements  of  the  water  are  so  small 
that  they  have  negligible  effect  on  aerodynamics.  At  the  lower  speeds  associated  with  take  off  and  landing, 
tie  dynamic  pressure  of  the  air  is  negligible  compared  to  that  of  the  water.  Combined  aerohydrodynamic 
effects  are  most  important  during  the  higher  speed  parts  of  take  off  and  landing  where  planing,  spray, 
impacts,  and  craft  dynamics  are  all  involved.  Again,  these  interactions  are  so  design  dependent  that  it  is  not 
practical  to  define  an  effective  general  hydrodynamics  development  program. 

The  extreme  importance  of  takeoff  and  landing  to  wingship  design  justifies  a  separate  chapter  mainly  on  the 
aerodynamics  of  their  multi-disciplinary  processes.  Figure  1-1  is  a  matrix  showing  how  the  five 
technologies  discussed  in  this  roadmap  relate  to  the  takeoff  and  landing  issue. 
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MAGNITUDE  OF 
TECHNOLOGY  DEVELOPMENT 
REQUIREMENTS 
BY  MISSION  PHASE 


3.1 .1  Takeoff  and  Landing  Technology. 

(Aerohydrodynamics) 


3.1.2  Unique  Propulsion  Requirements 

for  Large  Wingships 


3.1.3  Structures 
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3.2.1  Sensors  and  Navigation 


3.2.2  Actuators 


3.2.3  Simulation  and  Modeling 


rm. 

:nn 


Figure  w .  Magnitude  ol  Technology  DevMopm.nl  Requlmments  by  Mission  Phase 
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unsteady  flows  have  hysteresis  (dynamic  sail  for  example);  the  most  robust  way  through  ttutse  problems 
seems  to  be  simulations  tailomd  to  match  flight  test  data.  While  this  twmach  doesn  *  ^  8 

of  why  things  happen,  it  does  facilitate  confident  vehicle  design  From  a  stabdtty  and  control  point  of  view, 
our  opinion  is  that  nominally  steady  flight  in  ground  effect  is  ampler  than  the  X-31. 
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Operation*  1  RaqulramanU  Determination 


2.  OPERATIONAL  REQUIREMENTS  DETERMINATION 

With  wingships,  as  with  all  other  military  hardware  systems,  procurement  starts  with  an  unfilled  need 
outlined  in  a  Mission  Need  Statement  (MNS).  The  MNS  comes  from  the  operational  community  and  is  die 
basis  for  an  Operational  Requirement  Document  (ORD)  which  is  prepared  by  the  cognizant  acquisition 
agency  for  approval  by  the  sponsoring  serviced).  The  ORD  is  composed  of. 

•  General  Description  of  Operational  Capability 

•  Threat 

•  Shortcomings  of  Existing  Systems 

•  Capabilities  Required 

-  System  Performance 

.  Logistics  and  Readiness 

-  Critical  System  Performance 

•  Integrated  Logistics  System  (ILS) 

•  Infrastructure  Support  and  Interoperability 

•  Force  Structure 

•  Schedule  Considerations 

For  the  purposes  of  this  roadmap  it  will  not  be  necessaiy  to  build  a  specific  ORD,  but  rather  to  understand 
the  process  and  objectives. 

2.1  Objective 

The  objective  of  the  Operational  Requirements  Determination  process  is  to  generate  a  set  of  performance 
parameters  based  on  operational  needs  which  will  define  a  mission-oriented  wingship.  Range,  sea-sittmg 
capability,  load  capacity,  weapons  or  avionics  capabilities,  and  low-observable  characteristics  arc 
operational  demands  which,  to  a  great  degree,  dictate  the  vehicle  size  and  configuration.  The  vehide  size  and 
configuration  will  in  turn  determine  propulsion,  Structural  and  mission-oriented  requirements.  Analysts  of 
the  potential  mission  areas  for  which  wingships  might  be  considered  suitable  will  yield  these  operational 

drivers. 

2.2  Methodology 

The  evolution  of  a  system  design  begins  with  the  refining  of  system  requirements  as  shown  in  Figure  2- 1. 
This  process  provides  the  basis  for  making  informed  tradeoff  decisions,  given  affordability  constraints  and 
user  needs.  It  allows  for  a  smooth  translation  of  user  needs  into  alternative  concepts  from  which  a  final 
design  can  be  filtered.  The  final  operational  design  is  then  married  with  state-of-the-art  and  emerging 

technology  to  produce  a  production  design. 

To  assist  in  creating  notional  requirements  for  the  purpose  of  technologically  designing  ™^ps,  to 
following  missions  were  considered:  SOC  Mk  V  Boat  or  Deep  Submergence  Rescue  Vehicle  (DSRV) 
Delivery  Vehicle,  Cooperative  Engagement  Concept  Ordnance  Canier(CEC^  Amphibious  1^^ 
Oceanic  (ALTO)  and  Heavy  Lift  The  Delivery  Vehicle  is  representative  of  a  400-ton  vehide,  the  CECOC 
of  a  1 000-ton  vehicle,  the  ALTO  of  a  2300-ton  vehicle,  and  the  Lifter  tops  the  list  at  5,000  tons.  Given 
these  sizes  and  mission  requirements,  it  becomes  possible  to  establish  each  class  of  vehide's  design  cntena^ 
The  Delivery  Vehicle  for  example,  must  have  the  ability  to  carry  the  payload  craft  as  well  as  launch  and 
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iver  it  from  the  water.  The  CECOC  mtist  be  configured  around  the  payload  VLS  instaUaUon  and  so 


Figure  2-1  -  Evolutionary  Row  Process 

Once  a  desip  is  started,  technology  issues  can  be  addressed  as  they  are  encountered.  Are  enp.es  with 
sufficient  poorer  available?  If  not.  what  must  be  developed? Do  etusung 

fabricationof  the  design?  As  these  questions  arise  dunng  the  design  of  the  first  vehicle,  the  flight  test 
program  for  the  Spasatel  should  be  generating  empirical  data  which  will  help 
LpTand  test  for  the  400-ton  class  vehicles  should  complement 

r»*niiin-m^nt.«:  issues  and  the  test  team  provides  performance  results.  The  difference  between  tne 
requirements  and  the  demonstrated  perfotmance  defines  the  technology  deficiency  that  must  ten mremome 
jj^Lnny  bund  a  mission  capable  wingship.  This  technology  deSctency  estabhshes  the  program  nsk 

factor. 


The  Wintshio  Mission  Analysis  Team  (WMAT)  is  composed  of  private  companies  and  DoD  agencies. 
5*  S iSed  bv  Cardenxk  Division.  Naval  Surface  Warfare  Center  (CDNSWQ.  the  team's  mimton 
is  to  assess  potendalmllitaiy  application  for  WIG  vehicles.  Other  participants  include  BDM 1  Federaltoc. 

Lockheed  Aeronautical  Systems  Company:  Miliuuy  Traffic  Management 

A  rxjrrkACTF ay  Naval  Air  Warfare  Center,  Warminster  (NAWCADWAR)*  ann 

Whim  oak  Detachment  (NSWCWO).  The  anneal 
tools  used  to  assess  areas  of  possible  military  utility  included;  combat  simulation,  defense  transportation 
analysis,  military  mission  analysis,  and  life  cycle  cost  estimating.  WMAT  shared  the  results  of  their  studies 
and  identified  possible  civil  and  commercial  applications  for  WIG  technologies. 

This  initial  mission  analysis  of  wingships  employed  in  several  military,  civil  and  commercial  appUcations 
“ months.  The  team  screened,  then  selected  a  small  number  of  applicahons  for  further 
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investigation  to  allow  two-way  interaction  with  the  technology  team.  In  this  way,  mission  driven  technical 
requirements  can  be  identified  and  the  probability  of  meeting  them  examined. 

2.3.1  Potential  Missions 

The  following  missions  were  analyzed  during  the  previous  efforts  and  considered  for  further  work. 


Airborne  Shallow  Water  Mine 
Warfare  (ASWMW) _ 


Special  Operations  Carrier 


Airborne  Shallow  Water  ASW 
(ASW)2 


Cooperative  Engagement 
Concept  Ordnance  Carrier 
(CECOQ _ 


MILITARY: 

General  Military  Heavy  Lift  for 
Denlovment 

Amphibious  Lift-Trans  Oceanic 
(ALTO) 

Air  Defense  Mission 

Airborne  Anti-Submarine 
Offensive  Mine  Delivery 

Warfare  (ASW) 

Airborne  Mine 

Countermeasures  (AM  CM) 

Theater  Missile  Defense  (TMD) 
to  include  Tactical  Ballistic 
Missiles  and  Cruise  Missiles. 

Amphibious  Lift-Ship  to  Shore 
(ALSS) 

NAVAL  Tactical  Missile 
(NTACMs) 

CIVIL  AND  COMMERCIAL: _ — 

Civilian  Law  Enforcement  I  Coast  Guard  Patrol  and  Search 


Drug  Interdiction  Vehicle 
Disaster  Response 


and  Rescue  _ 


High  Speed  Automobile  Ferry 
(HSAF) _ _ _ 


Customs  and  Immigration  Patrol 
(OP) _ 


Out-Sized  Commercial  Cargo 
Transport  (OCCT) _ 


2.3.2  Attributes  and  Rating  Factors 

A  Multi-Attribute  Utility  Analysis  method  was  used  to  rank  and  prioritize  the  missions.  Figure  2-2  shows 
the  system  structure.  Discussion  of  definition  and  rating  instructions  follow  the  figure. 
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Figure  2-2  •  Factors  and  relative  weights  for  multi-attribute  utility  analysis  of  wingship 
applications. 

2.3.2.1  Overall  Analysis  Information  . 

Only  the  importance  of  the  particular  WIG  mission  was  considered  for  evaluating  Support  of  National 
Objectives  and  Probability  of  Becoming  a  Program.  How  well  and  how  cost-effectively  a  WIG  could  do 
the  mission  with  respect  to  competing  systems  was  evaluated  qualitatively  in  the  WIG  Competitiveness 
section. 

SUPPORT  NATIONAL  OBJECTIVES 

1.  Need  -  Does  the  WIG  mission  support  attainment  of  national  objectives? 

•  Defense  of  the  homeland 

-  Economic  well  being 

-  Spread  of  democratic  ideals,  priorities,  and  sphere  of  influence 

-  Support  of  friends  and  allies 

2.  Importance  -  How  important  is  this  mission  to  achieving  national  objectives? 

3.  Frequency  of  Occurrence 

Military  How  many  operations  will  use  this  mission  during  a  WIG's  25  year 

lifetime?  The  more  probable  the  need  to  accomplish  a  mission,  the 
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Ovilian 


t rational  RequiramanU  Datarminatton 

more  likely  there  Is  lo  I*  funding  to  develop  .  lool  lo  accomplish  the 
mission. 

How  many  franchises  or  setvice  routes  would  there  be  for  this  type  of 
vehicle? 


venae/ 

4.  Technology  Advancement  Required  •  Will  “‘*“1®®' ^^S^odeSScrdie'  basic  WIG. 
ads  mission?' TOs  does  not  include  £tatadc  vehicle.  <e.g.  For  the  Fire 

^^wi^^on^^wteabk  musette  standaid  MLRS  or  Cndse  Missile  launcheis  or  will  special 
ones  need  to  be  developed?) 

PROBABILITY  of  becoming  a  program 

,  Sponsor ■  ts  .tern  an 7-  “e^  " 

ZSwE-  d.  wJif 

Snor  a  commercial  enterprise.  <e.g.  Amphibious  AssanU  or  High  Speed  Auto  Ferry) 

1  ^  “  "lon 

ttiat  would  make  them  reluctant  to  trust  and/or  use  it?  .. 

rrrr: * 

would  be  a  production  run  with  virtually  no  changes  during  the  production  lot  . 

WIG  COMPETITIVENESS  ,,  mn«iired  to  accomplish  the  mission?  How 

1.  Time  Efficiency  -  Does  the  WIG  rcducc f* "V**  ^J^WTO  to  the  overall  success  of  the 

* 

2  Performance  Effectiveness  -  How  well  does  ihe  WIG  do 

methods  of  doing  the  mission?  Is  there  any  real  advantage  to  doing  die  job  wrrh  the  . 

}  cost  -  How  expensive  is  the  WIG  to  purchase  with  respect  to  a  competing  system?  Is  the  WIG 
moreexpensive  tolerate  or  less  expensive  to  operate  than  die  competing  system? 

2.3.3  Selected  Missions 

The  evaluation  resulted  in  three  basic  categories  of  applications  for  farther  analysis. 

-  Combat  Missions 

-  Transport  Missions 


-  Missions  which  support  civilian  law  enforcement  or  disaster  relief 

Tic  specific  applications  given  the  Highest  priorities  for  further  development  were  Cm  alphabetical  Older): 

-  Amphibious  Warfare  Lift  (MEU  sized) 

.  Civil  Applications 

-  Auto  Ferry 

-  SAR 

.  Law  enforcement 
Disaster  relief 


-  Mine  Warfare 

-  Multi-mission/cooperative  engagement 
.  Strike  missile  carrier 

-  Air/TMD  defense  carrier 


Special  operations  earner 

-  SOF  lift  (MkV.ASDS  and  etc. 

-  insertion/extraction  platform 

In  the  follow-on  research,  the  mission  were  split  between  three  teams:  (1)  Lockheed  A^nauticalSystenrt 

?  TIT Jta^DWAR-  Cl)  BDM  Federal  and  NSWCWO:  and  (3)  MTMCTEA.  The  heavy-llft 
Company  ml  NAWCAW^jWBDMF  ^  ^  examined  to  ^  m  focus  ^  address 

air  defense  missions  will  be  evaluated  with  simulation  modeling. 


9  4  Mission  Driven  Technologies  . 

•me  Missions  Analysis  Team  (MAT)  methodology  for  evaluating  technology  needs 
niatfnrm  assessments  with  desired  mission  operating  characteristics.  No  attempt  was  made  to  evalu 
P  -fir  cnhsvstem  and/or  technology  requirements.  Instead,  this  assessment  focused  on  identifying  general 
Sl“rtTe^nce  mission  perf^ .  The  included  missions  consisted 

of  those  identified  in  the  Section  1  as  highest  pnonty  for  further  development. 


•  LiftSupport 

-  Amphibious  warfare  lift  (Marine  Expeditionary  Unit  size  operations) 
•  At*sea  replenishment 

.  DSRV  Operations 

.  Mine  Warfare  (especially,  countermine  operations) 

.  Sea  mine  detection  and  neutralization 

.  Obstacle-clearing  in  support  of  amphibious  operations 

•  Multi-mission  ordnance  carrier 
.  Strike  missile  carrier 
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•  Air/tactical  missile  defense  platform 

•  Special  operations  carrier 

-  Mark  V  patrol  craft 

.  Advanced  swimmer  delivery  system  (ASDS) 

•  Gvil  applications 

-  High-speed  auto  ferry 

.  Law  enforcement/bonder  patrol 

-  Search  and  rescue 

•  Disaster  relief 

The  general  technical  requirements  list  for  WIG  missions  is  divided  into  three  major  categories  in  this 
section:  common  requirements  for  the  entire  range  of  WIG  mission  concepts;  specialized  requirements  for 
military  combatant  and  civil  mission  applications;  and  mission-specific  technical  requirements  (if  any).  The 
technical  roadmap  areas  (takeoff  and  landing  technologies,  propulsion,  structures,  navigation  and  sensors, 
actuators,  modeling  and  simulation)  were  considered  as  a  guide  to  identifying  requirements,  but  they  were 
not  a  limiting  factor. 

2.4.1  Common  WIG  technical  requirements 

Several  desired  operating  characteristics  emerged  from  the  MAT  assessments  for  all  WIGs  regardless  of 
mission.  These  included: 

•  Enhanced  takeoff.  The  requirement  to  achieve  enhanced  capabilities  for  WIG  takeoff  is  well 
documented  in  other  roadmap  sections.  The  MAT  considered  it  highly  desirable  for  all  WIG 
applications  to  achieve  some  level  of  smooth  flight  during  takeoff  to  provide  for  passenger  safety  and 
equipment  integrity.  The  alternative  is  to  harden  components  and  payloads  to  prevent  damage  during 
takeoff  and  landing. 

•  Out  of  ground  effect  (OGE)  flight:  While'specific  flight  profiles  would  vary  for  specific  missions, 
some  capability  to  sustain  OGE  flight  is  necessary  for  collision  avoidance  and  to  enhance 
maneuverability  options.  Depending  on  fuel  bum  rate  penalties,  sustaining  higher  altitude  flight  for 
long  distances  (hundreds  of  miles)  might  be  desirable  to  shorten  necessary  transit  distances  and 
times.  OGE  flight  is  also  necessary  to  support  aerial  refueling. 

•  Sea-sitting.  Stability  while  sea-sitting  is  necessary  for  all  WIG  applications,  for  periods  of  relative 
immobility,  such  loading  and  unloading,  harbor  maneuvering  and  loitering  near  targets.  It  is  desirable 
to  be  able  to  sea-sit  in  Seastate  3,  and  desirable  for  Scastate  4, 

•  Infrastructure.  WIG  designs  should  accommodate  existing  infrastructure  as  much  as  is  feasible. 
Some  new  infrastructure,  however,  is  necessary  to  support  WIG  port  and  at-sea  operations.  This 
infrastructure  ranges  from  berthing  and  support  structures,  to  mundane  elements  such  as  fenders,  tug 
contact  points,  ramps  and  etc. 

2.4.1 .1  Military  combatant  vehicles 

.  Quick  takeoff.  In  addition  to  providing  defensive  systems  and  armament,  the  WIG  platform's 
inherent  speed  and  mobility  is  important  to  limit  platform  susceptibility.  An  approximately  60-second 
takeoff  profile  to  achieve  cruise  velocity  (-200  to  -300  knots)  should  be  sufficient  to  defeat  the 
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.  ctnir*  /»ap.awiities  of  most  modem  air-to-surface  missiles.  The  takeoff  time  and  cruise 
to  avoid  most  other  so,  and  Abased  dues*  to  mBita*  combamn. 

WIGs. 

.  RefUd,  rearm  and  reamvatsem  Because  WIGsmay  operate  as  an  eariy^^^ta^fer 

(torn  friendly  resupply  facilities,  the  ability  to  msupply  platfoims 

appropriate  cranes  and  other  equipment  may  be  either  WIG-based  or  stanomu  P 
(altiiough  WIG-basing  would  allow  simultaneous  deployment  of  combatant  and  support  vesse  ). 

military  designs.  .  . 

.  Multi-day  habitability.  Many  militaiy  missions  considered  require  on-station  times  of  seve  ay 
or  longer.  Crew  accommodations  and  facilities  need  appropriate  consideration. 

2.4.1 .2  Civil  vehicles  -■*, 

NO  major  design  cons, derations  unique  m  civil  WIG  applications'  were  identified.  However,  federal 
regulations  may  require  special  safety  considerations  need  development 

24  2  Mission  specific  technical  requirements 
‘  ‘  p„|0td.  The  major  design  criteria  specific  to  each  identified  mission  revolves  around  unique 

payloads  and  supporting  systems  This  is  not  a  major  WIG  design  issue. 

n..ehin»  and  unbeaching.  To  support  amphibious  operations,  certain  disaster  relief  missions,  and 
'  £££££££?«  operate  on  semi-rough  ,0  rough  beaches  was  considered  n«  ti 
ftiscapSbilUycould  be  incorporated  into  general  WIG  design,  it  would  enhance  tire  flexibility  of  the 
design  for  use  in  other  missions. 

2.4.3  Summary 

mS  and  civB  applications  could  be  accomplished  by  variants  of  a  single  basic  WIG  design. 
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3.  IMPORTANT  TECHNOLOGIES 

Progress  in  six  technological  areas  would  facilitate  the  confident  design  of  wingships.  Progress  in  three  of 
tVy  six  areas  would  additionally  greatly  improve  wingship  performance  and,  consequently,  permit  the 
dfsign  of  smaller  and  less  expensive  vehicles  for  a  given  design  mission. 

In  two  sub-sections,  this  major  section  first  presents  technology  plans  for  the  most  important  technologies 
which  both  improve  performance  and  facilitate  design  and  then  presents  plans  for  the  other  technologies 
which  facilitate  design  and  don't  greatly  influence  performance. 

3.1  Technologies  Requiring  Development 

Improvements  or  uncertainty  reduction  in  three  technical  areas  have  the  potential  to  significantly  improve 
the  performance  of  wingships  and  consequently  reduce  the  size  and  cost  of  the  vehicle  required  for  any 
particular  design  mission.  These  technical  areas  are:  (1)  takeoff,  (2)  propulsion;  and  (3)  design  loads  or 

structure. 
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3.1.1  Takeoff  and  Landing  Technology 

The  single  greatest  impediment  to  the  overall  wingship  utility  is  the  large  power  requirement  ******** 
wingship  f£mrest  tossing  speed,  contrasted  with  the  power  requirement  for 
Both  wingships  and  commercial  aircraft  require  two  to  three  times  larger  thi^t  <^"“8  .  _  _-uccd 

cruise.  Commercial  aircraft  achieve  high  cruise  efficiency  by  climbing  to  alntude^where  ^5^]^ 
per  engine  is  reduced  and  nearly  matches  the  low  drag  of  the  airplane  in  cruise.  ^ v^icles  opei^e  near 
the  water  surface  to  benefit  from  the  ground  effect  which  reduces  the  induced  drag,  but  the  “8“* 
in  excess  of  that  required  for  cruise.  The  landing  phase  of  wingship  operation  establishes 
peak  load  required.  This  takeoff  and  landing  technology  section  presents  proposed ' 

Sle  design  concepts  that  may  satisfy  operational  requirements,  and  overcome  takeoff  and  landing 

limitations. 

3.1 .1.1  Technology  Requirements 

The  wingship  takeoff  and  landing  operational  phases  establish  rrumy  requuements Tor  vehicle  design- 
requirements  imposed  by  takeoff  and  landing  are  presented  in  other  sections  of  this  report  because  it 
Sse  requirements  that  drive  the  technology  development  Table  3-1  lists  requirements  mpoaedby  the 
takeoff  and  landing  operational  phases  and  specifies  where  the  requirements  are  presented  in  this  report 
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Table  S-1  •  Requirements  Imposed  By  Takeott  and  Landing  Operations _ 

pprjt  mi  F.MFNTS  IMPOSED  BY  TAKEOFF  AND  LANDING  ROADMAP  SECTION 

OPERATIONS _ _ _ : 

Vehicle  must  be  designed  for  the  number  of  engines  required  for 

takeoff.  This  results  In  too  many  engines  for  cruise,  causing  a  cruise  Technology 

penalty  due  to  the  weight  and  drag  of  the  extra  engines  required  for 

takeoff. 


development  _ _ _ _ _ _ _ _ _ _  ~ 

Vehicle  must  be  designed  for  the  number  of  engines  required  for  Propulsion 
takeoff.  This  results  in  too  many  engines  for  cruise,  causing  a  cruise 
penalty  due  to  the  weight  and  drag  of  the  extra  engines  required  for 

takeoff. 

Propulsion  applications  and  development, - - - -j- - —  ” 

Noise  Abatement:  Vehicle  is  not  allowed  to  exceed  certain  dB  levels  Propulsion 
on  takeoff. _ _ _ _ _ _ _ 

Toxins:  Takeoff  conditions  nay  result  in  the  emission  of  dioxins.  Propulsion 

Some  dioxins  may  be  carcinogenic. - - - - - - - - - - 

Water/Air  Separation:  Water  may  splash  into  the  engines  during  Propulsion 

takeoff  drastically  reducing  thrust  production.  - - - - - — 

Peak  Loads:  Multiple  wave  impacts  during  takeoff  and  landing  Structures 

establish  the  peak  load  requirements  for  the  structure. — - 1 - - - 

3.1.1 .2  State  of  the  Art 

_  ,at,  the  lareest  wineshins  built  are  made  by  Russians  and  use  captured  air  pressure  under  the  wings  to 
lultnt  fte^nic  the  fuselage  in  contact  with  the  water  and  the  aerodynamic  lift  on  the wrngst o 

caponed  air  pressure  is  provided b,  ^ 

cTvxrifir  tftchniaue  of  aiding  the  takeoff,  and  perhaps  landing,  by  directing  the  efflux  of  forward  moumeu 
pulsion  units  under  the  wing  is  called  air  injection  in  Russia  and  power  augmentation  or  ower 

Augmented  Ram  (PAR)  in  the  U*S. 

Th^  ctntf*.  of  the  art  of  WIG  vehicle  takeoff  can  be  quantified  by  reviewing  the  state  of  the  art  of  seaplane 

effect  vehicle  takeoff  performance,  with  and  without  PAR. 

Seaplanes  h£e  more  drag  than  a  WIG  with  PAR  and  less  drag  than  WIGs  without  PAR.  A  comparison  of 

rtv»ta»  three  vehicle  types  brackets  the  state  of  the  art 

Maximum  PnmfW°,ght  Values 

The  hvdrodvnamic  behavior  of  seaplanes  and  WIGs  can  be  divided  into  four  regimes:  tow  speed  or 

tote  ^^jtogydevetopment  is  to 

reduce  maximum  drag. 
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The  hump  speed  regime  is  the  second  phase  of  the  takeoff  process  where  hull  tnm  and  hydrodynam 
drag  attain  their  maximum  values.  The  hull  continues  to  support  a  major  part  of  the  weight  (approximately 
85%)  during  this  phase  (Reference  1.  page  4).  He  hull  trim  is  mainly  determined  by  the  step  configuration 
and  afteibody  design.  The  aerodynamic  trim  is  still  relatively  weak,  but  the  thtust  and  thiust  moment  about 
the  center  of  gravity  are  large. 

The  Davidson  Laboratory  at  Stevens  Institute  of  Technology  has  extensively  studied  s^dane  hulls.  Based 
on  the  results  of  their  experimental  work,  a  well  designed  seaplane  hull,  with  a  load  coefficient  K2  -  0.0 1 60 
for  a  length  to  beam  ratio  of  6.5  has  a  maximum  drag/weight  ratio  of  0.23  in  smooth  water  as  shown  in 
Figure  3-1.  The  values  for  this  figure  were  derived  from  Figure  28  of  Reference  1.  More  recent  me 
of  a  high  Ub,  double  chine  vehicle  indicate  state-of-the-art  seaplane  bulls  have  a  maximum  drag-to-weight 

ratio  of  0.18  (Reference  13). 

SEAPLANE  HULL  RESISTANCE  AS  A  FUNCTION  OF  VELOCITY 
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Figure  3*1  •  Seaplane  Hull  Resistance  as  a  Function  of  Velocity 

The  Russians  have  published  data  on  WIG  performance  with  and  without  PAR.  The  tested  vehicle  has  a 
load  coefficient  of  K2=  0.04  and  an  Ub  ratio  of  0.32  based  on  its  wing  planform  and  gross  weight 
(Reference  2,  pages  13  and  37).  (See  Appendix  A  for  calculation  of  K2  and  L/b.)  Based  on  the  same  data, 
the  hull  has  a  length  to  beam  ratio  of  11.53  and  a  loading  parameter  K2  =  0.016  based  on  hull  dimensions 
and  gross  weight  The  WIG  vehicle  with  PAR  in  smooth  water  had  a  maximum  drag/weight  ratio  of  0.17 
(Reference  3.  page  WS63),  a  better  value  than  the  comparable  value  for  the  seaplane.  The  WIG  vehicle 
without  PAR  in  smooth  water  had  a  maximum  drag/weight  ratio  of  0.36.  (Reference  3,  page  WS63),  a 
value  worse  than  the  comparable  value  for  the  seaplane.  These  results  are  shown  in  Figure  3-2. 
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Figure  3-2  •  Published  Russian  Data  (Reference  3,  page  WS63) 


Rough  water  increases  the  drag  for  seaplanes,  WIGs  with  PAR  and  WIGs  without  PAR  (Figure  3-3). 
general  rale  is  that  for  seastates,  where  H 1/3- 0,40  x  beam,  the  rough  water  drag  for  a  seaplane  may 
15%  greater  than  the  calm  water  drag  (Reference  4,  section  5 .4.4.3). 

Based  on  Russian  data,  the  rough  water  (referred  to  as  "rolling  seas")  drag  for  a  WIG  vehicle  with  PAR  is 
approximately  23.5%  greater  than  the  calm  water  drag,  and  the  rough  water  drag  for  a  WIG  vehicle  without 

greater  than  the  calm  water  drag.  A  WIG  vehicle  with  PAR  has  the  lowest 

amount  of  drag  for  either  case. 


«  & 


Figure  3*3  -  Drag  to  Weight  Ratio  for  Three  Vehicle  Types 

When  operating  in  rough  water  large  spray  sheets  develop  as  the  hull  slams  into  oncoming  waves.  The 
large  kinetic  energy  of  the  spray  can  damage  wing  flaps  if  they  are  extended  and  not  designed  with  load 
alleviating  devices.  In  the  Russian  LUN,  the  wing  flaps  are  only  partially  deployed  m  this  speed  regime  to 
avoid  contact  with  spray. 

At  speeds  somewhat  below  take-off,  the  hull  continuously  strikes  the  oncoming  wave  train.  This  wave 
impact  establishes  a  high  minimum  structural  weight  for  die  vehicle. 

Noise  Abatement 

Existing  WIG  vehicles  make  around  107  dB.  The  Federal  Aviation  Administration  (FAA)  does  not  allow 
noise  to  rise  above  106  dB  on  three  or  more  engines.  In  addition  local  municipalities  have  required  DoD  to 
reduce  dB  levels  to  70  dB.  A  way  to  overcome  this  problem  is  to  taxi  the  vehicle  out  to  sea.  Engines  that 
can  be  used  for  taxi  are  discussed  in  the  Section  3.1.2  (Propulsion). 


A  "perfect"  seaplane  landing  is  one  in  which,  after  flare-out,  the  resultant  velocity  of  the  vehicle  is  nearly 
tangent  to  the  fiee-water  surface.  In  this  instance,  the  craft  settles  into  the  water  with  minimal  impact  loads. 
Unfortunately,  realistic  seaplane  flight  path  angles  at  water  contact  are  not  zero  and  the  vehicle  is  at  some 
positive  trim  angle  relative  to  the  water  surface.  Since  wingships  cruise  in  strong  ground  effect  and  land  by 
slow  deceleration  their  flight  pAth  Angles  Are  necessAiily  sin  All. 


There  are  few  analytical  or  experimental  data  on  wingship  impact  loads  in  a  seaway  and  the  Russians  did 
not  share  their  methodologies  with  the  U.S.  WTET.  Seaplanes  usually  "bounce"  off  the  initial  wave  and 
impact  subsequent  waves  at  steeper  glide  path  angles  and  at  different  trim  angles  than  the  initial  contact 
conditions.  In  fact,  it  has  been  found  that  the  maximum  impact  loads  in  irregular  head  seas  are  developed  in 
the  subsequent  run-out  when  there  is  little  control  of  the  seaplane-wave  contact  conditions.  Empirical 
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3.1 .1.3  Technologies  and  Deficiencies 

Ib'tv  power  requiremerato  W  ^  *^^2^52  S 

impediment  to  the  overall  wtagshipu  <*•<*  mtooff  technology  concepts  including  those  listed  In 
Agency  Announcement,  pursuing  a  conlracts  ta  *  a^mpt  to  determine  if  there  are  any 

innovative  techniques  under  consideration. 


Table  3-2  —  Potential  Technical  Solutions _ _ _ _ 

POTENTIAL  TECHNICAL  SOLUTIONS 
Direct  Underside  Pressurization _ — 

Hydrodynamic  Drag  Reduction  - 

Aerodynamic  High  Lift  Devices _ 

Shallow  Water  Drag  Reduction _ 

Vehicle  Footprint  (Cushion)  Variation - 

LE&TE  Flaps  to  Increase  Wing  Area _ 

peripheral  Jets  in  Wing  Endplates - 

Rechargeable  Stored  Energy  Burst  Thrust - 


Ipcpmpntal  improvement*  In  Hull  PgSlfln 
WIG  drag  value  could 

extrapolating  data  from  existing  seaplane  .  "Wingship,  Seaplane,  and  Landplane 

staple  hull  weighing  2.000000  “  JgS  in  range  of  020  to  0.23. 

Capability  Summa^Suue  of  the  ms a  tag  ^  ^  ^  o{0.23. 

%TJ 2ES*  - *-  - »f  «•  - a  •“  1Mdi”! 

K2,  of  0.017. 

Infrfmpntai  imowemspis «"  Power  Atumwffirt  Ram  (PAm 

PAR  has  been  srndied  In  -  Uruted  Sta^d  used™  ^^^""pu^ 
vehicles  at  not  fuHy  lifted  -  SjSS.  Monsmr  (in  .966,  us«l  PAR  more 

i^p^ivdy*  The  ^o^ARon  ^tssian  WIGs  improved  die  drag  to  weight  ratio  relative  to  both  seaplane 
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tails  snd  WK3$  without  PAR.  vehicle  perforate™*  may  be  Sraher  improved  by  improving  the  application 
Of  PAR.  >  , 

PAR  has  been  studied  in  the  United  States  and  used  on  vehicles  in  Russia.  Recent 

™ been  fully  lifted  off  the  water  surface  by  PAR,  making  the  WIGvehicte.  combmtatmof  «  g  PAR 

vehicle  and  a  oure  seaplane  hull.  Some  films  indicate  that  the  Caspian  Sea  Monster  used 
aeurcssively  The  useof  PAR  on  the  Russian  WIG  vehicles  improved  the  drag  to  weight  ratio  relsove to 
Sh^ptaie  hulls  and  WIG  vehicles  without  PAR.  Vehicle  perfotmance  may  be  futther  unproved  by 
improving  the  application  of  PAR. 

forward  mounted  power  systems. 

£££  to  our  analysis  we  increased  the  length  to  beam  ratio  from  0.2  to  1ft  ttus  rriuod  tel thtetro 
tdght  ratio  at  takeoff  by  37%  (from  0.27  to  0.17).  The  Russian  Ortan  vehicle  hasaPAR  long*  to  bran 
radoofS-Tbetall  of the  Odan  has  a  length  to  beam  ratio  of  1 1 J3.  Blowing  an  under  the  fuselage  could 

reduce  the  thrust  at  takeoff. 
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Figure  3-4  -  Wlngship  Performance  with  Power  Augmented  Ram  (PAR)  for  L/b  =  0.2 
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Figure  3-5  -  Wlngship  Performance  with  Power  Augmented  Ram  (PAR)  for  L/b  s  2.0 
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Figure  3-6  •  Wlngship  Performance  with  Power  Augrnemed  Ram  (PAR)  for  L/b  =  10.0 
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The  method  used  to  develop  these  plots  is  presented  in  die  appendix  and  is  based  on  References  5, 6  and  7. 
The  Russian  Orian  vehicle  typically  has  an  h/c  (wing  height/wing  cord)  value  of  0.1,  a  K2=004  when  fully 
loaded,  and  a  length  to  beam  ratio  (L/b)  of  0.32  for  the  area  effected  by  PAR.  In  smooth  seas  the  Orian 
vehicle  has  a  drag  to  weight  ratio  of  approximately  0.17  (Reference  3,  page  WS63).  In  our  theoretical 
analysis  we  assumed  the  vehicle  had  0. 1  gs  of  excess  thrust  at  hump.  For  a  vehicle  similar  to  the  Orian  ( 
h/b=  0.1,  K2=0.04,  L/b=  0.2)  the  thrust/weight  ratio  was  0.27,  which  is  equal  to  a  drag/weight  ratio  (D/W) 
of  0.17  (Figure  3-4).  The  theoretical  calculation  does  not  include  die  effects  of  skin  friction  and  engine 
angle.  Increasing  the  L/b  ratio  to  2.0  (Figure  3-5),  reduced  the  thrust/weight  ratio  to  0.21  (D/W=0.11). 
Increasing  the  L/b  ratio  to  10  (Figure  3-6),  reduced  the  thmst/weight  ratio  to  0.17  (D/W=0.07). 

Noise  Abatement 

At  present  the  method  being  considered  to  reduce  noise  at  the  beach  is  to  move  the  vehicle  away  from  the 
area  —  meaning  taxi  it  out  to  sea  and  back,  probably  5  to  10  nautical  miles  on  takeoff  and  possibly  even  die 
same  after  landing.  The  main  propulsion  engines  can  not  be  used  to  taxi  noise.  Existing  engine  technologies 
can  be  applied  to  taxi  the  vehicle  to  the  takeoff  location,  so  that  beach  noise  abatement  requirements  can  be 
met  This  is  thoroughly  discussed  in  Section  3.1.2  (Propulsion)  and  Appendix  B. 

Direct  Underside  Pressurization 

Applying  pressure  to  the  WIG’s  underside  results  in  a  mode  of  operation  during  takeoff  similar  to  a  surface 
effect  ship  in  that  the  high  viscous  drag  associated  with  water  contact  is  greatly  reduced.  The  first  successful 
wing-in-ground  -effect  vehicle  was  built  by  Toivo  Kaano  in  Finland  in  1935  (Reference  8,  page  66).  Kaano 
applied  the  direct  underside  pressurization  approach  and  built  a  ram-wing  snow  sled.  In  the  1950s  and 
1960s  Dr.  Bertelson  of  Neponset,  Illinois  developed  air  cushion  vehicles  enabling  him  to  reach  his 
homebound  patients  (Reference  8,  page  66).  Presently  the  Air-Ride  Company  in  Florida  is  attempting  to 
commercialize  the  concept,  using  air  cushions  on  boats.  Recently  Theodore  W.  Tanfield,  Jr.  was  awarded  a 
patent  entitled  "Near  Surface  Vehicle"  (Reference  9).  This  is  a  small  WIG  which  initially  uses  a  diverted 
thrust  air  cushion  to  attain  lift.  It  then  uses  airfoils  to  achieve  lift  at  higher  speeds.  The  vehicle  has  an 
aerodynamically  shaped  hull  with  rigid  side  walls  and  movable  end  flaps  for  forming  an  initial  lift  area. 
This  concept,  in  principle,  eliminates^ the  thrust  loss  associated  with  the  reversed  flow  at  the  PAR  leading 

edge. 

It  may  be  possible  to  design  a  variable  cushion  area  and  variable  length- to-beam.  This  could  result  in 
significant  drag  reduction  at  near  hump  speeds.  Vehicles  with  low  length-to-beam  ratios  have  a  low  hump 
speed  and  very  high  drag  at  this  speed.  Wingships  with  high  length-to-beam  ratios  have  a  higher  hump 
speed  and  low  drag  at  velocities  around  the  hump  speeds  for  low  length-to-beam  ratio  wingships.  The 
concept  is  to  operate  at  a  high  length-to-beam  ratio  at  low  speeds,  and  low  length-to-beam  ratio  at  high 
speeds.  When  the  low  length-to-beam  ratio  hump  speed  is  exceeded  change  the  vehicle  configuration  to  a 
low  length-to-beam  ratio  which  has  a  significantly  lower  drag  at  higher  speeds  than  the  high  length-to-beam 
ratio  vehicle  configuration.  This  is  discussed  in  more  detail  in  the  vehicle  footprint  section  (below). 

Direct  pressurization  is  used  in  the  development  of  wing-in-ground-effect  vehicles.  The  challenge 

is  to  apply  the  concept  to  very  large  (400-ton  and  larger)  WIGs. 


agaJBamie  »<■*  LIH  “i*” 

Another  method  to  improve  the  wtagship  takeoff  performance  is  use  various  active  and [passive :  meam  of 

i _ ..inf  aerodynamic  lift.  Various  methods  such  as  enhancement  of  wing  area,  camtrer  and  cinmlauon 

will  be  examined  to  increase  the  low  speed  lift  without  seriously  degrading  crurse  *“T* 

aerodynamic  methods  include  use  of  conventional  flaps,  slots,  slates  and  otherleading 
device&Acdve  meduxls  include  upper  surface  blowing,  blown  flaps,  jet  flaps,  and  cascade  vortex  sheddets. 

AJHO  Smith  reports  that  die  maximum  lift  for  any  kind  of  airfoil  is  4.  The  maximum  lift  near  the  ground 

is  4.49.  (Reference  10,  page  8)  Ground  effect  increases  the  lift  of  real  wmgs  tut  the  maximum  possib 
near  the  ground  is  substantially  less  than  the  maximum  possible  circulation  lift  in  a  free  air  stream. 

If  aerodynamic  lift  can  be  generated  at  lower  speeds,  less  of  the  hull  will  be  in  the  water,  thereby  reducing 

the  hydrodynamic  drag. 

Vohlrle  Footprint 

The  idea  behind  changing  the  vehicle  footprint  is  that  wingships  with  low  length-to-beam  ratios  have  a  low 
tap  £*d  and  experience  very  high  drag  at  due  speed,  wingships  wilt,  high  length-to-beam  rauoshave  a 
higher  hump  speed  and  relatively  low  drag  at  velocities  around  the  hump  speeds  for  low 
ratio  wingships/This  is  shown  in  Figure  3-7  from  Reference  8.  T  he  idea  is  to  operate  at  a  high  length-to- 
beam  rattoaUow  speeds,  when  the  low  length-to-beam  ratio  hump  speed  is  exceeded  change  ^  vehicle 
configuration  to  a  low  length-to-beam  ratio  which  has  a  significantly  lower  drag  at  higher  speeds  than  the 
SSi-to-beam  ratio  vehicle  configuration.  Designing  a  vehicle  in  which  the  length-to-bwm  ratio  can 
be  changed  can  result  in  a  vehicle  that  can  be  operated  in  the  lower  drag  regime  for  the  full  range  of 
velocities  experienced  during  takeoff. 
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Figure  3*7  •  Doctors'  Wave  Resistance  Coefficient 
Leading  Edoe  and  Trailing  Edge  Flaps  to  Increase  Wine  Area 

This  potential  technical  solution  increases  the  wing  area  which,  in  accordance  with  the  coefficient  of  lift 
equation,  for  a  constant  Cl  would  reduce  the  takeoff  speed.(Reference  1 1,  Chapter  8)  Reducing  the  takeoff 
speed  helps  reduce  the  post-hump  hydrodynamic  drag  and  can  potentially  reduce  loads  on  the  vehicle 
structure  allowing  a  lighter  weight  vehicle. 

Another  benefit  of  increasing  the  wing  area  is  that  it  increases  the  L/b  ratio  of  pressure  patch.  As  discussed 
in  die  vehicle  footprint  section  (above),  this  increases  the  hump  drag  velocity.  The  benefit  of  increasing  the 
bump  drag  velocity  is  that  the  peak  drag  forces  at  high  velocities  are  less  than  the  peak  drag  forces  at  lower 
hump  velocities.  In  addition  with  this  type  of  vehicle,  at  the  higher  velocities  it  may  be  possible  to  reduce 
file  drag  at  hump  because  of  aerodynamic  forces  are  more  effective  at  lower  speeds. 

A  problem  with  this  approach  is  that  it  does  require  additional  vehicle  complexity  and  may  increase  the 
weight  Also,  when  the  chord  is  increased,  the  aspect  ratio  is  decreased  (span/chord).  This  increases  the 
induced  drag. 

Usa  of  Peripheral  Jets 

Peripheral  jets  in  the  wing  endplates  may  improve  PAR  efficiency  by  sealing  the  pressure  under  the  wing 
and  may  augment  vehicle  thrust  Peripheral  jets  were  used  extensively  on  hovercraft  in  file  "early  days”  as  a 
means  of  providing  the  air  cushion  beneath  the  craft  (Reference  12,  page  155).  The  jets  also  provided  an  air 
curtain.  The  angle  of  file  air  curtain  optimized  cushion  pressure  and  cushion  area  (Reference  12,  page  38). 
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Momentary  Thrust  Augmentation  During  TaKeQfl 

Developing  ways  to  increase  thrust  momentarily  during  takeoff.  such  that  to  number  of  extra  engines  tot 

can  be  reduced  is  to  idea  here.  One  approach  is  to  develop  engines  wnh 

thrust  augmentation  capability.  This  approach  is  described  in  the  Section  3.1.2  (Prop  «")•  “ 

usir^  rockets  to  assist  feoffor  providing  a  system  where  excess  energy  dunngone 
^Sion  is  coiwcrted  to  srored  energy  for  use  during  takeoff.  This  concept  ts  often  evaluared  m 

electric  vehicle  design . 

The  challenges  with  this  concept  are  (1)  the  feasibility  of  developing  a  charge/discharge  system  integral  ® 
the  vehicle  and  (2)  the  rocket  concept  reduces  the  wingship’s  flexibility,  it  can  only  m  S1 

rockets  can  be  reloaded. 

Hydrofoils  and  Hvdroskls 

Hydrofoils  and  hydroskis  arc  underwater  lifting  surfaces  which  reduce  the  overall  hydrodynamic  drag  by 
reducing  the  aiwin  contact  with  the  water.  Preliminary  analysis  conducted  as  part  ofthis  study  indicates 
that  twtf reasonably  sized  retractable  foils  can  potentially  lift  the  wingship  htdlout  of  the  water  at  speeds  as 
low  as  25  to  35  knots  and  reduce  the  hydrodynamic  drag  during  takeoff  for  400-ton  size  ve 

Hydrofoils  and  hydroskis  can  be  used  to  absorb  landing  loads,  reducing  peak  loads  on  the  hull  structure. 
The  Russians  use  a  hydroski  in  the  vehicle's  landing  phase. 

Tbe  challenges  with  this  concept  are  cavitation  problems,  tog  caused  by  to  ^>cnsi™  ^s.  ovetall 
structural  integrity.  and  weight  penalties  from  the  hydrosld  or  hydrofoil  and  related  mechanisms. 

3.1 .1.4  Technology  Development  Program 

Wing-in-ground-effect  vehicles  do  takeoff  and  for  some  missions  the  existing  inefficient  operation  at  cruise 
(due  to  excess  thrust)  is  acceptable.  For  other  missions  takeoff  technology  must  be  developed. 

The  technology  development  for  landing  is  discussed  in  Section  3.1.3  (Structures). 

Both  the  Russians  and  WTET  agree  that  the  landing  process  develops  critical  stru^  desipiloa^a^ 
should  be  examined  in  much  greater  detail.  These  studies  should  be  conducted  by  model  tests 
a  .  -neatable  seastates  Unfortunately,  the  wave  maker  at  the  Central  Aero  Hydrodynamic  Inst  (TsAGI) 
towfoTS  isn’t  capable.  Studies  of  the  landing  behavior  in  waves  in  suitable  towing  tank  facilities  arc 

highly  recommended 

•n*  Takeoff  Technology  Roadmap  (Figure  34)  assumes  that  takeoff  technologies  need  development to 
enable  to  mission.  The  roadmap  considers  to  developnent  of  technologies  for  all  sue  vehicles  (400-ton  c 
5  000-ton)  initially  focusing  on  to  400-ton  sire  vehicle.  We  estimate  tot  all  work  m  preparadon  for  the 
uTSooiin  vehicle  Preliminary  Design  Review  (PDR)  will  cost  03  million.  We  esdmate  an  addtdonal 
$10  million  to  integrate  the  selected  design  into  foe  final  400-ton  vehicle. 

A  solution  to  the  takeoff  problem  is  not  obvious.  The  wingship  takeoff  maneuver  is  controlled  by 
extremely  complicated  unsteady  aerodynamic-hydrodynamic  interactions.  Formulating  a  numerical  model 
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of  this  complex  interaction  is  difficult  and  the  results  from  such  models w wiU  t* 
validation  data.  The  roadmap  includes  analysis  supported  by  experimental  data.  Expe 
conducted  using  models  varying  from  small  scale  size  to  full  scale. 

•me  find  step  is  to  focus  studies  on  a  40Mon  vehicle.  As  we  leant  more  about  the  400-ton vehicle.  it  will  be 
Ability  of  1.  UXKHon vehide.  Rom  Urn  UM  voh.de  * 

possible  to  detennine  the  feasibility  of  the  2JO(Moo  vehide  ad  r  ^  *  VHy 

!^be  decided  tot  either  a  vehide  size  is  not  feasible.  or  tha  we  have  detetmtned  a  larger  stae  very 

useful  and  feasible  and  that  efforts  should  be  focused  on  that  size. 

The  Takeoff  Technology  Roadmap  charts  the  exploration  of  takeoff  technolop 

iTSss^^assaSrSS 

up  factors.  As  scales  of  takeoff  technology  becomes  better  understood,  the  feastbdny  of  larger  vehic 
can  be  better  assessed. 


WINGSHIP  TECHNOLOGY  ROADMAP 
Takeoff  Techpft«"?v  Roadmap  Description 

The  tuadmap  include  four  phases  for 

Demonstiation/Validation.  (3)  Design  and  (4)  BuM.  Us*  ^  ^ 

1,000-ton.  2,300-ton  and  5.0004on.  Wc  assume  that  each  vehicle  hikes  10  years  to  oeveiop 

that  it  will  take  40  years  to  build  a  5,000-ton  ^^^^hicle1^!^  will  be  similar  if  it  is 

in  each  phase  in  developing  a  400-ton  vehicle.  The  development  of  other  vehicle  sizes  wiu  dc  suuuau 

determined  that  toe  size  is  feasible  and  has  a  purpose. 

CgDSSBl  Feasibility 

The  Concern  Feasibility  Phase  consisis  of  five  (asks:  (1)  Technology  FeasibBity  Studies,  (a  ssess 
^.“eiop  Test  Program/Model.  (4,  Conduct  Model  Tesr/Analyze  and  (5)  Select 

Technologies  for  Specific  Vehicle  Size. 

Technology  Feasibility  Studies 

•nre  preliminary  «,*  for  this  resit  began  when  the  Advanted  MMI<> ^ 

*ccdOT,ewK3vd“d's 

from  rest  to  cruising  speed.  This  is  a  six-month  task  and  will  cost  S500.000. 

Assess  Concepts  and  Select 

SSsr stsstsssgssssssi 

$250,000. 

Develop  Test  Program  and  Scale  Model 

model  issues,  and  bSd  and/or  modify  enisling  models  for  experimental  work.  Hus  is  a  six-month  task 
cost  $500,000. 

Conduct  Model  Tests  and  Analyze  Results 

$500,000. 


Select  Technologies 

_.  nf  th|S  t-sk  is  to  select  takeoff  technologies  for  further  development  in  the 

iissrsssssss^sss^si 

three  technology  areas.  This  is  a  two-month  task  and  cost  $150,000. 


pamnnstratlnn/Valldatlon 

Takeoff  Systems  for  LON.  Fabricate  and  tetaU  Takeoffs^™  Phase  ^ 

on  LON.  This  is  .  four-year  pha*l*gmm»g  **~'£“*£tl*  pmgram.  *,  concepts 
culminating  at  foe  4^^^^riWiJ^iase.  data  will  be  used  to  detetmine  testing  lequitemenB 
are  analyzed  and  tested  m  the  offline  concepts  on  the  LUN.  There  are  concepts  that  may  be 

for  the  LON  and  to tW™"®*' <£***  p^lined  in  the  design  task  and  the  infonnation 

effectiveness  of  scale-up  factors. 

Develop  LUN  Takeoff  Technologies  Test  Program 

Determine  the  parameter:  to  be  ^^Tartth  small  scale  modeling 

and  identify  data  Phase.  Numetous  test  matrices  wffl  be  develop^) 

Tlus  task  is  estimated  to  be  18  months  long  and  cost  $1.5  million 
Design  Takeoff  Systems  for  LUN 
Begin  design  o,  proving 

SdSogycr^LON^Tte1^  is  estimated  to  be  18  months  tong  and  cost  $3  million. 

Fabricate  and  Install  Takeoff  Systems 

Fabricate  equipment  for  installation  on  the  LUN.  Install  systems  of  the  LUN.  This  task  is  estimated  to  be 

18  months  long  and  cost  $6  million. 

Demonstrate  Takeoff  Technologies  on  LUN 

Design 

Review  (PDR). 

Design  r  ... 

t  tha.  IT  <;  400-ton  vehicle,  using  results  from  the  LUN  testing  and  from 

Spamn/withtheLON tearing.  U is  esrimated  to  be  IS 

months  long  and  cost  $4  million. 

select  Takeoff  Systems  for  400  ton  Vehicle 


,  _  -- .Takaoft  and  Landing  Technology 

WINGSHIP  TECHHOtOQV  ROADMAP. - Biporum  Tch  - - -X  -  “ 

SS  U.  be  6  mombs 

long  and  cost  $500,000. 

Conduct  Preliminary  Design  Review  (PDR)  of  U.S.  400-ton  Vehicle 

This  is  a  major  milestone  and  occurs  four  a  400-ton  vehicle  and  the 

technologies  is  reviewed.  This  milestone  marks  .  ,  rcouirc  two  months  to  gather  and  prepare 

Build  the  U.S.  4ftft-ton  Vehicle 

“°"nd  510 

million. 
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3.1.2  Unique  Propulsion  Requirements  tor  Large  Wlngshlps 

This  is  a  development  plan  for  unique  «=“  * 

vehicles  ranging  from  400  to  5,000  tons,  bfdeveloping  technology  that  would  reduce 

11*  principal  propulsion  technology  offered  totUsse^onttatanqortaupB^n  K  Sfpropulsion  and 

.4<k  roduction  ht-thy-  engine  stee.  use  about  60*  less  on  the  wtog 

Critical  technologies  (6.3)  and  that  ^^^^L  devetoptnait  cycle  for  acquisition.  Hie  costs  in 

n\ enmnetitive  audne  selection  and  sizing  via  extensive  testing 
The  plan  is  built  around  three  keystones — (1)  <»  P<*  oJ^aEDC)  under  a  simulated  sea-salt-in-air 
and  ^nation  at  Arnold  Engineering  and  coordinated  with  major  vehicle 

environment,  ©  keeping  bofo  technics  -^vdopu^I^^^  rcscrch 

all  three  development  levels, 

31^.1  Assumptions  and  Requirements 

The  following  secrions  develop  foe 

planting  objective  is  to  emphaslae  foe  J^tn  ovetall  and  integrated  propulsion 

horn  exploratory  (6©  to  engineenng  development  (6.4).  as  pan  o 

plan. 

Major  assumptions  arc: 

The  planning  focuses  on  vebidesi mS?  most  likely  Navy 
development  program  supported  by  Amencan  interests  pieoouunanu. 

Sea  Systems  Command  (NAVSEA)  managed. 

White  some  UA  component  technblogy^^itofo^^^^^^^^^thJ^erican 

Russians,  our  knowledge  °f  ^  ^  ptojadsioo  systems 

^woT:  ^d^  used  to  master  any  usk,  providing  foe  nsk's  reqmremeots 

can  be  defined. 

•  v  tn  cnidies  and  what  we  glfa1^  from  the  Russians.  Using  ussian 
^  re^l- are  based  on  our  own  experience,  is  in  ou,  own 
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^  ^  ~  cincd  HJH  nnrifT  construction  in  Russia.  The 

best  interests.  In  August  1993  the  WIET  examined  >  Mr  w(e  installed.  In  older  to  gain 

UStar^  m*  «  oil  whh  »  ^pment.  inc,d*ng  engines 

and  related  items.  . 

U.S.  mission  L  multiples. 

S.  £  So“^rg^Lon,  ^uces  dw  «  scheme: 

I  rerr.  Per  IIS.  Test  and  Evaluation  - j 


Generation 

Size 

First  Flight 

Date 

1st 

400  tons 

2000-2005 

2nd 

1.000  tons 

2010-2015 

3rd 

2300  tons 

2020-2025 

4th 

5.000  tons 

2030-2035 

Because  vehicles  of  dre*  sixes  me  sufllcieml,  Urge  « 

lasting  utility.  It  is  not  ^^^Siide  built  -  evenTStgh  the  primary  goal  may  be 

as  is  common  with  expenmenud  aircraft-E  O'  ^  ^  for  10  to  30  years.  In  order  to  ensure  that  the 

S°fuS!^,^S>««l”! awareofi »ur  operational requiremeno. 

WIG  thrust/weight  (T/W)  mho  at  takeoff* t  stetfla^ to tage WIG 

thrust  (or  drag). 

At  present,  the  Russia.  LUN  cruises  by  ^S^p^tdo^C 

red"“  7'^mact'fsm^oW  or  ^uce  windmill  dreg  by  developing  fan  duct  augmenution.  The 
S^ES.^  ££  in  -dry-  en*ne  nre.  weight  and  m— e  costs  m  se„ce. 

When  the  vehicle  appreadres 

^  m  useeight  large  duu,  class  en^s  -  300.C«0  ibs 

dry/400,000  lbs  wet  . 
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The  thrust  vector  requires  nf  minimizing  T/W  ratic .if 

SS*- 10*0.25  wtuch  is  40%  to  60%  less  than  for 

at  about  035  to  0-40. 

admit  to  more  augmentation. 

Sim*  takeoff  sizes  fte  engines,  the  impact  °f*' PAR^a  ^SSmMda^when  sizing  the 
technologies  and  the  extern  of  assistance  on  takeoff  from  PAR  must  he  acco 

engines. 

Hnic»  abatement  requirements 

He  noise  from  one  large  50*m  class  3  dB^ 

might  stiU  be  101  or  so  dB,  plus  augmentor  noise.  ^*J*ng  municipjllities  and  not  the  federal 

limitations  imposed  upon  DoD  operationsareco^^  opcrationai  requirements  to  abate  noise  are  very 
govemm^Co^mfteRog^^;^^^  ^  te  developtag  eedvity  ®  mitigate 

]!^kj^fcta|^mroughomtte  system  life  cycle,  starting  early  in  the  development  cycle. 

One  approach  m  rmhmel mT-T» 

rsssass^is-s;  -s»r  w sr .  ~ 

takeoff,  thereby  reducing  the  on-wing  propulsion  needs,  weignt,  amg 
assisted  takeoff"  is  called  TATO. 

Table  3-3  for  engine  sizing  provides  the  vehicle a^^^°i^Sa25aid  allows  forengine  failure 

and  the  number  of  engines.  ovotS  thrust  augmentation  via  a  fan  duct  augmentor,  and 

on  takeoff.  The  engines  are  flTbuild  up  of  salt  deposits  in  the  gas  path 

^^^TATO-otiid 

50.000  lbs.  emh  of  engine  wonUneed  U>  ^  *&*«**  m  ^  ^  * 

^W^te*^25W?‘b" 

fjf  «  2  TAToTseverai  sizes  could  be  made  to  apply  depending  npon  what  wasmoa 

'  deshablem^dme.Le.  six  siicraft  engines  rated  at  75,000  lbs  thrust,  eight  engines  rated  at  65 ,000 

lbs  or  10  engines  rated  at  50,000  lbs. 
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.  2,300-ton  WIG  -  (no  TATO)  the  vaious  candidates  would  he 
vehicle  weight  would  require  10  engines  and  they  would  be  rated  at  about  ».uuu 

ZZtZ *. deviant 

Engim  development  dtould  lead  first  flight  by  the  time  of  a  new  engine  generation  1 

.  .  t-fr_Hftn  of  wtqs  with  conventional  Naval  or  merchant  ships,  plus  harbor  docking 

shwiW  beconveited  during  engineering  development to  ship  and, 

as  diesel  fuel  marine  (DFM)/Navy  distillate  (ND). 

TABLE  3-3 « WIG  TOGW/Englne  Sizing  Requirements 

WIG  togw/engine  sizing  requirements 
(WITH  NO  ASSIST  FROM  TAXI  ENGINES) 

A/CEne  WIG  Max  TO  WTO  TOOW  with  Enpngfj  Out.  KLfe 

SJSto  Thrust  with  Engines  Installed  4  6  8 

Thrust,  Kib  5%  Derate*  .  _  .  i  2  2 


Multipliers 


5%  Derate* 
40%  Aug 

Engines  Out  1 

1 

2 

(1.33) 

(12) 

(20) 

(24) 

26.6 

39.9 

3isT 

.532 

638 

479 

798 

958 

638 

1064 

1277 

532 

798 

1330 

1596 

66  j 
.  79.8 

93.1 

106.4 

119.7 

133.0 

958 

1596 

1915 

1117 

1862 

2234 

1277 

2128 

2554 

1436 

2394 

2873 

1596 

2660 

3192 

following  represent  very  large  engines  not  yet  developed 


199.5 

266.0 

333.0 

399.0 


4790 

6390 

8000 

9600 


6390 

8500 

10750 

12800 


Assumed  Daily/Mission  And  Maintenance  Cycle 

in  order  to  help  define  ptopulsion  requirements  the  daily  mission  and  major  maimenanc.  cycle  was 
examined  flom  a  propulsion  viewpoint  This  analysis  is  presented  below. 

,  #.  mG  0DCrates  from  a  protected  harbor  or  WIG  tender  although  it  is  to  be 

IX *££££. « •  *»*  fnaict-  ev“ such 
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Short  engine  opereting  Un,e  «  oc  beaches  win  ^  cosion  <o  ^  engine  airfoil  coating  cononon 
requirement 

Propulsion  Aspects  of  a  Mission  Cycle  fi  t 

1  The  WIG  is  loaded  and  then  exits  the  noise  abatement  area  by  motoring  at  10  to  20  knots,  n  e 

KtmflesouttZa  on  one  to  three  internal  TSds  driving  screws  orajet  pump. 

t  "propulsion  engfces  me  surted  from  an  onbomd  compressed  air  generauon  md 

3. 

of  "green  watet"q»lashing  into  the  engine  (om  the  air  stream.  Water/air  separation 

power  losses  could  occur  if  the  water  cannot  be  separal^  from  tbemrttrcaiic  extract 

rsasssatssr. 

^niice  nosition.  The  vehicle  accelerates  under  dry  power.  At  least  ooelAt  8  Ifan>dequlte 

7.  ZT^ r^^lhy en^s are «**•«*£ 

^ZSRZr-  comsely  esdmared 

today. 

3.1 .2.2  Todays  State  of  the  Art,  Preferred  Technologies,  Deficiencies 

liie'  following  describes  what  pmpolsion  technologies  me  avdUble  Way.  «bat  new  technologies  are 
needed  tod  what  deficiencies  stand  in  the  way. 

Engines  Available 

Existing  large  commercial  high  b^assonbohns 

a— 

are  listed  as: 
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Candidates  for  400-ton  WIG  with 
four  engines  _ _ , 

Engines 

Pounds  of 

Dry 

Commercial 

Thrust 

CF6-80C2A2 

52,460 

CF6-80C2B2 

51470 

CF6-80C2B2F 

51.650 

PW  4152 

51,000 

PW  4052 

51,200 

JT9D-59A.7QA.7Q 

52,000 

JT9D-7R4E,  El 

49,000 

JT9D-7R4G2 

53400 

arinn  for  311  approximate  t3kC0ff 

Had,  engine  needs be  S>  down  frcm  the 

thrust  value  of  about  66400  lbs.  If  the  .  .  »  «  bypass  turbofans  in  this  size  range 

66400  lbs  to  50,000  lbs  ^  52^  lbs 'm  ^  substantial  downratings,  and  the 

are  older  versions  of  the  JT9D  at43.<X»  lbs  or  CT6  at  5W)  1W  ^  ^  rated  at  38^( 3  its  (B757-200) 

more  recent  PW  2037  in  ttre  FWA  2  nvu&in  IL-96M,  scheduled  for  certification  in  1995.  (See 

and  the  PW  2237  is  rated  the  same ?^2037  has  an  85"  diameter  one-stage  fan 
the  appendix  for  information  on  the  PW  2000  senes.)  The  «n — PW  71%,  MTU  21%,  FIAT 

(unmixed  discharge) ‘f*  ^“^‘S^n^’Snilar  wogh  to  the  PW  4000  series  ot  the  OEM 

"*■ ^  ** ™  ^ 

for  application  to  the  TATO  concept 

For  WIGs  of  ljOOO  or  more  tons,  the  latest  *“8h^'J“^1^^^nbrtamteed  into  commercial 
me  85,000  » 100,000  lbs  dry  thn«cla« arc ,V<«,  case  becomes  viable 

service et 75.000 to TWOlhs  to  1  JeH  3^  lbs  of  ^  thnist.  eight  engines  with  40% 

^jpnenotim  wouU  beftebasi^ibr  aTflXMon  vehicle  and  10  engines  could  power  2,100  tons. 

The  high  bypass  commcrcial^toag^^^^^^^^^.  ptos  a  few 

Rj^^^smatmightte^app^^we  in  die  "Available  Engine  Otaracleristics"  part  of  the  AppendixB 
(Propulsion). 

.  m  vi-atimt*  a  navsea  term.  Marinization  means  using 
would  be  no  riskier  than  normal  engineering  development 
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GSnlr  1  tuvwLwi  -  — -  •noines 

,n  w 

capabilities): 

.  40%  fan  duct  thmst  augmentor 


.  low  pressure  loss  "green  water^/inlet  air  separators 
.  erosion  and  corrosion  coatings  for  fan  and  compressor 
.  material  substitutions  for  salt  environment 
.  downratings  for  salt  deposition  in-flight 

•  water  wash  provisions 

.  one-hour  continuous  duty  low  rpm  starter  system 
•  in-situ  water  wash  probes 
.  no  manual  connect/disconnects  for  washing 
.  salt  spray  deposition  engine  signature  definition 

.loraoperaii«li»l“aKhighsi)<)Ola)mpre»or  -toostts  onbotfi  aunpressor  airfoils  and 

♦  Ensure  bearing  willtolcratt  long  windmill  periods  taaionoftattw^wMi  diesel  marine 

operation,  Including  starting  with  very  we, 


internal  engine  parts  ana  snutoowu.  • 

,  _  ,  AM-tnn  WIG  or  if  PAR  and  thrust  vectoring  was  not  required  (as 

If  there  wasn’t  a  need  to  go  beyond  a  400-  v/IG  market  for  existing  mixed  flow,  augmented 

with  a  relatively  short  range  vehicle)  then  there &  (assumed  foe  use  of  PAR  —  for  no  PAR,  multiply 
tuibofans  now  in  the  US.  military  inv^tory. _  ^  m  augmented  thrust  value  (pnor 

all  engine  sizes  by  1.4  to  1.6)  showed  that  su*  or  42<000  lbs  for  six 

to  ta5%  derating)  of  about  26,500  lbs  F1 10-GE-129  (29,000  lbs  wet  and 

engines.  Engines  that  could  provide  those  thrust  levels  y  fo  ^  lo^ngfoed  case.  For  the 

^d^thePWFlOO-PW-229  09.000 wet«id ^^^S^STalso  has  a  20’ 
li^Sed  case,  the  PW  FI  19*  35CTC  «*  w*  n*ded.  The  three  spool  low 

nozzle  deflection  capability,  from  their  Blackjack  bomber,  which  is  not  US. 

bypass  mixed  flow  Russian  SAMARA  NK  3  .  ^  ^  55 <0?7  ^  wet/30,843  lbs  dry.  Another 

technology,  would  provide  needed  4  is  quite  high,  60%  to  70%.  meaning  tat 

advantage  to  these  military  engines  is  tat  ihei  vaam^  ^  ^  X  A  selected  for  the  fen  duct 

the  thrust  rollback  needed  for  good  cruise  is  U  to  ^  ^  ^  PAR  but  does  need  an 

heater  discharging  at  8008  F.  Unles*®  ™  oriorto  external  mixing  of  3300*  F  to  3450“  F.)  or  amounung 
augmentor  (with  discharge  gas  foe  use  of  high  temperature  augmentation  via  new. 

scheme  is  selected  that  does  ™*  thre  ^  .  and  will  not  be  the  major  propulsion  planmng 

large,  mixed  flow,  military  turbofans  is  less  desirable  cnoice  auu 
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patohcre.mpi»wm^«^“^^"e'g“ra000  ' 
plan  must  allow  for  uncertainty  and  not  piqudg®  cntical  choice. 
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A 

Inlet  air/water  separators  for  splash  protection 

, ...  is  said  to  have  used  a  very  complex  set  of  antwced. 

One  Russian  WIG.  with  nose  mounted  ^  *n^.  f  ^  since  these  engines  did  not  run  tf 

inlet  mounted  "verctian  blinds  to  accom^  inle^ithTSr-mounted  spire  resembling  a  Greek 
cruise.  The  LUN  in  construction^  ^ed  to  ^  the  high  inertia  of  the  ingested 

Orthodox  church  spire  or  "onion.  The  shap*  M  ^  flow  moves  around  the  body  of  the 

water  to  separate  water  and  air  streams.  Sepanuron „ially  with  much  of  it  hitting  the  outer 
"onion,"  the  air  staying  with  the  contour  but  the  an/flight  tests  in  the  VS.  to  eliminate  rpm 

wall.  Similar  shapes  have  been  investigated™ a  bo  tfhiehbypaftuibofans  during  severe  in-flight  rain 

losses  to  sub-idle  values  on  both  turbojets  and  ®  butt^simply a  large  speed  drop  caused  by  the  fuel 
ingestion.  The  problem  usually  appears  like >  a  p  ingestion.  Solutions  are  frequently 

control’s  inability  to  deliver  adequate  development 

elusive.  Development  of  a  spire  solution  might  be  no  more  uncertain 

Obtaining  low  SFC  a.  end*  •  (See  assmnpdons  for  discussion  of  SFC  problem.) 

Ttae  possible  cyctesrtotaa  «  visMe:  ^  >  ^  angle  taut.  By 

1.  Use  an  Advanced  Ducted  Proper  (AOT)  ^  available  if  needed.  We  made  a 

2000.  ADP  should  be  a  state-of-the-art  ^  on  SFC  The  computer  SFC 

preliminary  analysis  to  investigate  the  effect  l5  ^  ADp  is  said  to  be  under 

decreases  about  13% 

evaluation  by  Pratt  and  Whitney  AhOTift  (PW  )  ^  ability  to  make  reverse 

thrust  by  varying  fan  Made  an^e.FwWGstheW)PowiM^e^  ^  „«*  mveme  tlirust.  the 

and  eliminate  most  of  the  windmill  drag  at  enns  .  make  the  added  weight 

ability  for  variable  thrust  ^^^^^^^^^^^^^^normally  very  low  even 

of  1,000  lbs  or  so  per  engine  wol4whil^rf  ^  evcn  lower.  An  assessment 

when  the  fan  can  rotate.  If  the  fan  is  stopped.  peed  ^  of  ^  t^mst  bearings  in  the 

should  be  made  of  the  effect  of  very  ow '  fatigue  and  very  short  bearing  life  will  result, 

high  rotor  at  windmill.  If  skidding  exis  ’  -  j^je  using  starter,  particularly  at 

^csdMsorn^vdm.M-aputtonmp^MOfa^  ^ 

1  Relieve  ttm  main  pmpulsion  «n^  mMoss  of  one  engine.  TOs 

available  thrast  (a  FM  ,«'raI“?t'^SHp  ^  shaft  drive  gas  turbines  driving  screws 

might  be  done  by  using  of  several  5W  SW  totr^nd  ^  20_mU(.  ^  ^  t0  avoid  making 

harbors.  Using  te^ofdtt 

SXwodtaMem.P^- TATO  *  “ 

Noise  Abatement  in  Assumptions  m  tms  secaon  ir.uHu« 

as  a  good  6^  acquisition  pmgram  candid^.  variable  enny 

1 
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However,  these  features  have  not  been  explored  on t^Wch  will 
Center/Aviation  Division/Trenton  still  has  the  analyti  ’  0f  3.  j  ^  retention  of  near 

move  to  Patuxent  River,  Maryland  in  1995.  WhUe  a  « ZZior,  Cost  and 
minimum  SFC  may  be  optimistic,  this  should  be  VC£s  ^  ^  ute  1970s,  using 

complexity  need  to  be  dealt  with. Ad  Tuibine  Engine  Gas  Generator 
advanced  components  throughout  from  *e  Turbine  Engine  Technology  Program 

Program  (ATDGG)  and  «*  ****** 

(IHPTET),  with  participation  from  DoD,  NASA  anfl  coi^  turbofans.  This 

(IRAD).  However,  that  none  of  the  engines  built  and  tested  were  unnuxeo  no 

third  option  is  clearly  a  62  acquisition  program 


Augmentors 

In  trying  to  minimize  the  SFC  problem  at  cruise  via  US*  mdRu^a  have  developed  many 

aupnerlor  for  a  40%  thrust  boost  on  takeoff.  Atoough  bofott^U^  Rt^  ^  #  ^  ^  ^  #  ^ . 

augmentors  for  both  turbojets  and  mixed  flow  turbo^  ratio  fan  and  very  high  airflow.  An  assessment  of 

ZZZ  indude  the  low  fSn  discharge  «npe«ure  end 

pressure  — 143*  F  and  1.6  atmospheres. 

High  temperature  environment  for  wing/fuel  tanks. 

^sssssssssssssss^^ 

the  Appendix  B,  Propulsion .) 

Vectored  thrust 

Pitsouly  the  Russian  LUN  engines  are  mixed  flow 

*  •.  nn  v/QTni  liicnfL  flv*.  Russians  have  round,  deflected  thrust,  nozzles 

For  mixed  flow  turbofan  streams  on  >^1^^^  ^  developed  both  pitch  and  yaw  mode, 
using  segmented  pipes  capable  of  100*  ^  to  +/.  20®,  but  they  are  heavy, 

deflected  thrush  high  temperature,  round  no*2"*  „ri1?Tjntr  ^Qegei  thrust  on  a  non-mixed- 

complicated  and  expensive.  ™jVrtitoni«lste  i  ^  ^  ^  ^  fan  mK  aitinu  feeding 

flow  turbofan  and  does  so  WlG^canaids  with  all  main  engines  mounted  on  them  is  partially 

^^"^"vehtdes.  sudias  ^^dmoa«us  to  m.-whtg  V/STOL 
ahcr^L  Rotating  the  catuud  on  a  WIG  might  be  done.  See  Secoon  3.13  (Soucoues). 

To  use  PAR  on  the  U.S.  vehicle,  some  mcatu  of  maiemg  "  STS's' 

Ught  and  reliable  means  to  this  otd  vtclor  „  ,  „nmixed-flow,  commereisl.  fan 

a  routing  canard,  utming  vanes  or  whatever  is  Section  3X3 

(Structures). 


The  unique  U.S.  noise  problem  for  large  WIGs  likely 

The  initial  WTET  report idCTtifie^  °f  “J  ^ 

problem.  Perhaps  most  germane  to  this  pro  ^  that  part  of  the  reason  for  relatively  high 

U.S.  today  regarding  the  tolerable  noise  c  •  airports  are  tired  of  complaining  abou 

LortnoLe  allowances  is  public  is  high  priced  real  estate.  These 

noise.  WIGs  will  operate  from  bea<*“.  __  „  ’blic  re-education"  campaign.  We  should  expect  less 

locales  are  not  airports  which  have  undergone  a  pu  .  t  acceptabie  noise  levels  from  sources 
S3? “erenceTwiG  noise  dm.  for  ^^^Z^******-™*™** 
Lide  the  community  (Bite  ■niltmymtcmft)«tuJumh»^  ^  ^  „  c^n  acdvmes 

at  Malibu  and  Outlaid.  California.  no-maneuveting  flight.  «  seems  reasonable  to 

within  a  few  miles  of  some  beaches  m  no-  a^im-uke  in  noise  production  will  continue 

assume  that  this  trend  retplinng  vetodre  to  ^  nlber  gan  rejecting  environmental 

since  federal  .divides  have  t*en  foe  that  no  large  WIG  noise  abatement 

protection  policies.  Consequently,  it  is  the  exPfct^.  .  ^2000.  This  is  because  noise  levels  will 

effort  will  ever  satisfy  many  of  U.S.  coastal  especially  if  real  estate  values  arc  high.  (The  early 

condnue  to  be  set  comforiaNy  ***^*Z2Z£L*  smdie.)  By  2000.  a  dmr-en^ 
stages  of  needed  research  and  dcvd^®‘  .  ff  stage  4,  possibly  100  dB  to  102  dB. 

™  f w^ve'r  ^y^r^il  dlowwhich  makes  mkeofb  1°  miles  from  die  beach 

and/or  haibor  the  most  lately  resolution  to  the  noise  problem. 

Noise  from  the  bade  or  dry  engrne  v.  partly  an  Item  for  commercial  engine 

Engine  noise  reduction  research  and  ^  m  ^  basic  commercial  engine  effort 

J^entprogmms.HreDoDi Is  inherend,  quiet.  and  tod.  GE  and 
between  now  and  2000.  PWA 

PWA  have  been  working  for  years  to  mate  then Trod  qui ^  ^  treatments  m  nacelles  and 

fan  inlet  guide  vanes.  increase  rotor  rS^<^PWA4000  series  engines  are,  these  engines  will  represent 

cowlings.  However  noisy  the  CF6-80.GE90,  or  ^  ^  more  ^  101  perceived  noise  level 

the  quietest  available  —  which  by  Stage  ^  j  noise  regulations  (FAR  36)  for  areas  at 

(PNdB).  All  new  engines  for  ^  PWSoO  series.  FAR  36  J5  requires  civil  engines 

or  near  airports.  This  applies  to  the  CF6'80’^?  (EPNdB)  at  takeoff  for  one  engine.  This  equates 

%  be  noZder  than  101  equivalent  pawed  ^  ^  ^  ^  ^  for  ^ 

to  104  for  two,  107  for  four,  and  110  dB  forest ^  NASA  are  presently  discussing  noi^ 

rise  beyond  106  dB  on  three  ^ 2M0  may  be  even  quieter  than  jwatljOA 
abatement  at  a  Stage  4  leveL  large  engine  tednotaor  *  ^  ^  v ^  vaiues  and  is  expected* 

engines.  The  NASA  research  and  dcv^°P“f^°  2000.  No  DoD  involvement  m  noise 

WIGs  over  2300  tons. 

Augmentor  noise  . 

40%  thnifl  augmemadoti  is  coarsely  — 

—  characteristics.  (NASA  Unglc,  foe,  dus 
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combustion  noise  will  dominste.)  Tl*  other  source  W F  ta 

lMS  during  mixing  tawc»  the  •>«*•»' ^^^^r^^npe^  st  * 

nozzle  gases  will  travel  aft  at  roughly  1,365  ft/sec.  This  s  iri  .  mixing  of  nozzle  air  with 

nozzle  Stage.  One  mechanism  for  noise  reduction  needing  exammanon  is  mixmg 

^taCLpetahe.  slow  moving  en^gy 

fluted  mixers  may  be  suitable.  However,  the  effect  o  .  .  nroduCCS  yft  via  PAR.  Careful 

free  stream  air  reduces  the  "q"  hdn,  delivemd  under  ta  sbaemen. 

assessment  is  needed  so  dut  PAR  performance  is  ^  ,  ^  w  other  customer  for 

lesearch  and  development  is  unique  to  this  burner,  it  would  be  a  DoD  task,  since  no  omer 

such  an  augmentor  is  envisioned. 

TATO  as  a  noise  and  takeoff  assist  solution 

(See  Appendix  B.Pmpuisiom,  If  TATO  coufr,  be  dm*  ™ 

engines  for  taxi  A  study  assessing  this  has  not  been  done. 

Other  environmental  concerns  (harmful  combusdon  by-products  such  «  dioxin  front  salt  water 
combustion) 

(See  the  Vt™  report  on  - 

have  not  been  conducted. 

312.3  Development  Required/Approach  to  be  Taken 

The  principal  development  level  envisioned  for  eadt  topic  is  indicated  as  1UQ. 

.<•  V 

\ 

Sizing  the  engines 

.  t.  nr  TAXO  par  or  anything  from  the  Takeoff  Broad  Agency 
This  &2  task  needs  input  asto  ^^at  the  ttteoff  demand  will  be  for  the  main 

Announcement  ^  *^,^X£»ld  *  e^Lrg  commemial  high  bypass  nnbofans  presendy 
engines.  Pnmary  candlda^^* lbs  <1  a  s^ievxl  static  (SLS).  It  would  be  too  late  for  a  VCE 
rated  for  aircraft  at  approximately  50,000  lbs  <Uy  *  rourfilst  vehicle.  However,  this  is 

study  to  provide  the  sudden  r^c^on^t  su  NAW(^S)  to  assess  the  VCE  usefulness  for  a  second  or 

the  time  frame  to  run  an  important  6^  study  at  NAWUAU  to  assc»  uk 


mu  uuvM 

logine  Preselection  Activities  (marinization  modification  for  400-ton  vehicle) 

t.  _  pneines  ^  sued  and  candidates  are  identified,  is  the  activity  leading  up  toa 
he  first  step,  once  the  mam  engines  are  sizeo  am  c-imetion  The  orincipal  activities  desenbed 
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Important  T»chnologk« » Proputeten -  ■  "  "  .  t0  give  the  engine 

6,3.  Pre-test  tasks  indude: 

.  trial  coating  applications  for  erosion  and  corrosion 

•  materials  substitution 

•  derating  by  dropping  the  compressor  operating  line 

^"^“teragi”“ng“n,te 

experience  in  service. 

The  t«t  program  and  engine  selection!^  agency 

Engine  selection  will  be  technically  ““Pf npejjlargins  In  power  and  compressor  stability 
Sg  anengine  withthe  best  .Mity  ^  <^2^STm«cTand  where  salt  will  depose  m 

over  a  long  salty  air  mission.  A  test  is  needed  to  *  ^  effidendcs.  The  engine  manufacturer 

toe  gas  path,  and  how  mudi  salt  deposits  will  ri  orior  to  the  test  period,  particularly  since 

t>SSprelta^  Durability  of  some  parts  can  be  evaluated  by 

^tgs  will  atoodegrade performanc*  about  1%  to  3%.  *  ftmded  to  help  design 

teardown  and  inspection  following  s^ftr‘"^mandaIoiy  at  this  stage)  could  also  evaluate  water  wash 
and  nm  the  test,  plus  evaluate  results.  The  “*•(  modified  for  continuous  duty  and  the  starter  air 

schemes,  probes,  procedures,  diagnostic  softws^’  Watcr  washing  win  be  required  to  start  each  test 
source,  preferably  with  an  onboard  diesdor  g*  ^  deposition  assessment  diagnostics  might  get  their 
sequence  with  a  dean  engine.  Bo*  wastog  engin^these  devdopment  issues  would  be  expected 

Sal  workout  during  this  test  (A  6.4  cffort  “  J  ^^)  The  Russians  should  also  be  funded  to  give 
to  be  ddayed  until  FuU  Scale  Engmeenng  «cent  those  regarding  the  TATO  concept,  where 

guSLice  »  all  test  programs  regarding  engine -sdecMre  S^pon  these  tests.  Hie  engine 

~  '2££ZZS£  -'"one  oMheir  engimm odeis.  maociared  w,«h 

participation- Only  UA  manufacturers  should  be  aBow  ^  ^  ^  ^ 

If  TATO  is  used  to  meet  the  ^'^'l^er  ^t  the  above  50j000  lbs  dry  easnlf 

requhement  for  the  main  engines  is  Pro^u^f^^^^^)^o^be  dae  most  modem  in  me  38.000 
SoSs,  the  main  air  propulsion  engines  selected  (  ^  ^  pwA  4084  and  GE90  senes  of 

lbs  dry  thrust  dass  that  have  a  strong  relatio  P  38,250  lbs  This  engine  riiould  be  put  through  the 

salt  water  hardening  and  ingesoon  research; should  be  consulted  about  the  suitability  of 

s — » — •  ^ for  ”*• waK  ^ 
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The  Russians  have  made  allowances  for  rest0”^°”^^8T^  solutions 

•ssasrsassssssss' 

.  the  use  of  sea  water  for  washing  in  emergencies 
.  use  of  built-in  wash  probes  inside  the  engine 

.  ejiminaiionof  in  turbine  hriet  temperature  between 

.  allowing  (via  a  maximum  thrust  reduction)  for  a  150* 

F"  Puts  Augrocntor  "‘ "  j  'r'n',nr  ilrX^t  M  ."^1' 


M  Tpnlf  ^nninnt  fi  4  tllfmiWTr  m  111..  *  «  — - 

Assuming  it  will  be  desired  to  get  a  good  be  identified  based 

rig  before  development  can  be  done  for  the  selected  cng“|**  my  surface.  A  conceptual  and 

cover  all  likely  engine  candidates  and  ^  followed  by  -parametric-  rig  tests  to 

preliminary  design  by  each  likely  engine  m___.  .  f  preliminary  design  and  the  parametric 

establish  feasibility  for  their  buroer/engme.  ,  if  the  burner  design  looks  promising.  The  62 

rig  work  should  be  6.2.  More  in-detail  Where  concept  feasibility  is 

After  the  engine  is  choren  ^Afunieogth,  45- to60*  sector  ng 

identify  «ny  changes  based  upon  ^T^relopmaa  and  critical  features  tests  would  be 

of  tte  experimental  augmemot  would  betoh  ton  what  the  fan  will  deliver  on  a 

done  with  a  realistic  Incoining  pressure  serious  augmentordemonsttanon 

cool  day.  The  engine  nrenufacturer  ^ too  does  »ot  sede.  FoU  scale 
rrrte"  ^  ^  stari  until  Fuli  Scale  Engineering  Oeve^ent  was 

begun  on  6.4  funds.  . 
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iuu  a  j - 

PAR  Requires  a  Triad  of  &2  Success  In  Augment.*  Vectored  Thrust  and  IW  F  Fuel  Tank 
Environment 

feasibility  ShoUM  be  based  upon  some  proof  of  critical  concept  features.  These  three  are. 

1.  thrust  vectoring 

2.  no  augmentor  fire  threat  to  wing  fuel  tanks 

3  duct  augmentor — the  eariy-on  rig  test  described  earlier. 

<1,  is  assumed  dm  PAR  will 

development  plan.  The  Mb  PAR  “  “  tf  desired  rakeoff  and  landing 

«-*.  ”dr"lSo^Tri"^  the  above  three.  If  any  of  dm  above  rhme 

characteristics.  Tlus  is  a  more  comfonable  nsu  te  «  mua  change  uma  takeoff  can  be 

optimum  mangement  for  lowest  thrust/weight  rano^allthebroefi^dowtB^ngme^^mqmrc^  ^ 

sssssssrs^sssssssss^ 

program  are  completed. 

Environmental  Research,  Development,  Test  and  Evaluation 

_  •  Ice,  Will  likelv  be  dealt  with  using  onboard  auxiliary  engines  providing  taxi  capability  However 

tf^foes<MS>gfcre  are  used  for  fire  butce^rly  beforeany 

know  how  to  ^  main  engines  or  start  augmentor  6.4  development).  The  same 

^^daboutZ  other  takeofassisted  device  that  is  to  be  depended  upon  to  either  add  thrnst  or  reduce 

any  type  of  takeoff  drag. 


The  potential  hazardous  emission  problem  is  seen  as  having  at ^tonSJiB^oSved  by  DoD. 

“ SSSSSS2i wo*  woold  ^  a**0P^  *«* 

SSES5s^«^“ 

person  would  l*ely 

tot,  -Yes.’  there  could  be  t  P®“®  «  J^hffltfJteOens  Mow  ait  eliminated  and  the 

*aaraasi!«~»-“ 

reason  to  not  request  approval  for  passing  the  next  majw  acquirihon  mflestooe. 

*  the  answer  is  Yes,  then  we  have  a  ^  ZS  ££  J!£££ 

really  is,  and  find  and  demonstrate  a  mubmlbe '“*£!* *  m  be  on  the  overall  WIG 

with.  It  is  not  possible  to  define  today  what  the  full  impattof^  ^d  ^  ^  ^  is 

program.  That  question  ne$ds  to  be  *“yrcr*J  ^  anrt^below  ^  accomplished.  Item  4 

-Yes"  or  even  if  it  Is  only  “very  probable,"  ^^andAWow^J  impact 

would  requite  the  use  of  the  were  formed  in  the  lab,  full 

S£2£  test  and  — r  ‘  “  °' 

Sd  directives.  The  authorization  for  this  could  come  from  PL103-160,  Sec.  845. 

3  Develop  fieldable  measuring  equipmem  and  cM±  their  suitability  bygotagto  the  operational  Navy 

^gpstuibinestofindoutlfanyofdiehmaidousdieniicalsaiebejngntade. 

4.  Do  extensive  engine  testing 

Ught  and  heavy  sea  states  to  ^  te  of  the  potentially  hazardous  nature  of 

problem.  It  is  mandatory  ^weveMhat  ad  ^  ^ 

such  test  and  evaluation,  wl^c^cmp^  Center/Aircraft  DivisionA’renton 

engineers  and  crew  on  an  engine  salt  water 

ingestion  test 

If  there  is  a  problem  with  no  evident -Won  ^s.  U  Z  S  is To 

v^d  be  «>  woric  out  ways  in  to  W)  m  mitigate  to  problems,  preferably  to 


WtNGSHIP  TECHNOLOGY  ROADMAP, 
wouid  be^vcri^hauhetKhniquts  a™ 

eliminate  the  foimationof  the  patents.  petsonnel  and  the  pubUc. 

effective  and  adequate  to  the  satisfaction  of  the  ptojetamed  pe 

.a _ a  i  on  A  7  above,  is  Dr.  Dave  n 


effective  ana  aaequaiciuu^o*™ -  Dave  Pratt 

A  contact  on  implementation  of  the  first  WA  98195.  Phone:  206-543- 

(University  of  Washington,  with  both  eoM 

4601.)  The  University  of  Washington  (W  ^  ^  pIOvide  much  of  the  needed  heal* 
and  sampling  equipment  They  ako  have  l994t0  determine  their  capabilities  and  interest  both 

physics  protocols.  Dr.  Pratt  w^  «mtartrfon20  May  mAfoes)  and  he  has  done  a  good  deal 

of  chlorine  bearing  compounds. 


of  chlorine  oearmg  ««.***—•  .  .  .. 

.  *  M.r«nre  testing  with  augmentor  fotTUllY  6.4  WQriU 

Engine  cerdiication/devetopmen.  assumnc.  n,  ^  ^  ^  a 

Following  augmentor  development  for  die  ®*J"r J"  ^  p^fonnance  levels,  so  the  engine  can  be  ottered 
version  of  the  engine  at  worse-than-semce  ^  military  production  and  civil  certification 

up  for  WIG  service.  The  test  should  **  g  Commercial  certification  practices  rather  than 

requirements.  Several  attonptt  atthis  ^^fi  accSlfto  the  military.  Ibis  includes  meaning  that  the 
military  specifications  should  be  used  J^ttae  inict  temperature  levels,  thrust  and  rpms  and, 

engine  be  run  for  certification  at  higher  thanta-  Enduran^^ig  at  AEDC  should  be  done 

then  introduced  to  WIG  use  at  4,000  to  6,000  lte  ^  ^  ^  mlUion  (PPM)  levels  and 

with  salt  water  ingestion  31  ®cdian’^,“!^hc  ^rtification  test  on  the  WIG  mission  cycle,  as  in 
periodic  washes.  The  manufacturer  should Iron he  rtm  ^  adequate  fan  stabiUty  margin,  the 

commercial,  without  excessive  low  cycl  &  g  i  ^  M  ^  WIG  and  the  engine  vectored  down 
augmentor  tests  should  be  run  at  the  ^  m  ^aid  is  used.  The  using  authority  may  wish  to 

There  should  be  «  cofflinuous  ofabilittesere 

service  to  regain  the  Tosrd^^  develop  theuptating  This  is  a  key  cost  avoidance 

available — without  the  need  to  tad  the '  6®“*  „  ^  to  njutary  development  but  is  bemg 

methodology  in  commercial  development  tot  .s  not .no^  ^  ^  convinced  there  is  a 

suggested  here  for  WIGs.  For  the  m  jlave  w  fund  each  growth  step  ($120  million  to 

maiket  for  such  engines,  otherwise  the  million  to  $15  million  per  year).  Tbe  benefits  to  the 

million  each)  plus  planned  ,nodu«  are  subimdal. 

military  of  having  a  convincing  nussion.  even  a  nomcommerc  . 


million  each)  plus  planned  prcuum 

military  of  having  a  convincing  nussion.  even  a  nomcommerc  _ 

3  f  2.4  Anticipatsd  Program  Accomplishments  at  Each  Development  Level 


3  i  2.4  AnuciHaiw  «  -  - 

— w  a— 

■nms.aHthe6iwoikisdomfcst.aay®* decUion  10  enttr  Full  Scale  Engineenng 
nAvt  UuaI  of  develooment  are: 
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Armmffiisniiiriin  mm.  -  tn  deal  with  several 

Concept  Formulation  is  geared  to  provide  for  noise  and  any  other  takeoff 

uncertainties  one  for  the  ^nTfoebst  is  toxic  emissions  from  combustion  in  the 

technology  that  might  impact  mam  engine  sizing,  ana  tnc 

presence  of  dissolved  salts  in  sea  water. 

Assuming  success,  the  following  should  be  >ccom^^  ^^tttion  feasibility  for  specific 

1.  A  range  of  augmeator  and  *  bunJSta  <Ss  encompass  all  things  but  is 

candidate  engine  types  has  been  tested*  ngs.  augmentor  development  can  start 

adequate  to  make  a  reasonable  judgmen  ts  to  wb^a  selection  input  which 

^large  sector  test  characteristics 

would  otherwise  be  based  totally  on  sa«  w«w 

described  elsewhere.  ^  «nvide  the  "Triad  Decision  Point"  for 

2.  There  is  adequate  augmentor  duct  augmentation  feasibility.  Hopefully,  the 

PAR  operations  with  a  of  concept  feasibility  arc  also  convincing  enough 

thrust  voaoring  and  safe  if  required.  (If  the  Triad  fails 

to  know  that  they  are  posdble  and  the  way  *  40%,  less  optimum  vehicle 

If  it  fails  by  Virtue  of  either  probably  not  be  used.) 

gas  environment  of  the  augmento  TATO  or  concepts  discussed  in  Section  3.1.1. 

3.  Any  forms  of  takeoff  woSSrnm  at the  end  of  Concept 

Takeoff  and  Landing  Technology  will  g  —ajn  engines  must  be  on  takeoff. 

Formulation  to  establish  both  feasibility  _.b.  candidate  engines  for  competitive 

Sizing  results  in  the  selection  of  at  least  one  and  poss  y 

ta^inDanoosttahonendVaUdanon  ^  is  not  a  problem  with 

4  Sufficient  combustion  experiments  cwdud^  to  rfcnnfy or  if  the  foimations  Me 
tarnation  of  combustion  species  U  formed,  bu,  a 

not  hazardous,  then  this  is  the  aid  oltos*  ^  ^^Wtopnent  that  might  mitigate  this 
promising  plan  developed  to  show  a  line  ot  ^  o^cd  or  this  plan  is  advanced  into 

_  m.  i.iu«iUn  DhftftA 


3. 


nlhhmont* frotn  thP  ^mnn^mtlnn^a  ,  will  have  been  found  based 

The  best  available  engine  (least  loss  of  enucal  operfoo  ?'?“Lbab)  „  aeDC  The  testing 

— •rsr^wrsrr»« 

^.ed  fo  it  selected  engine. «  kno»  cycle  and  more  dty 

consumption  than  -  ^  ^  ^ 

thrust  on  the  wmg.  We  will  ^  ^  taum  wffl  provide  not  only 

“p » -  — -  "8  ta  *r  prop 
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important  Techno!^*  -  Propulsion. 


WINGSHIP  TECHNOLOGY  ROADMAP. 


"+  Tnehnolootes  •  Propulaton__ - - -  reduction.  TATO 

engines  and  their  costs.  *“^<1^^^donTr^^<^0^i<lati<m  <6'3> 

couMeasily  srart  with  some  p^p  weight  reduction 

wortt  ranging  from  sizing,  ptetatunsry  design  ^  by  ,  factor  of  1.4  and  the  use  of 

■roe  combination  of  augmentation  “  American  WIGs  with  PAR  ose  only 

TATO  to  reduce  it  further  by  up  to  25%  effecu  y  relative  standing  on  propulsion 

KfWO  anyothercmm^on the  55*  b,  K*  »  A 
capital  costs  and  range  shoold  be  substantial.  If  P  to  propulsion  weight  and  cost  over 

S-  i«.<a.0.T7-0.8».whichleavestBw«hanad^tn^  ^  h  s marginal 

via  good  engines,  TATO  mi  »  °f  " 

IhigWigWs^ebeneftsofweUawhedPAlt 

— _ • _ nm/o!nr>ment  PDflSfi 


ggaDdlglin^^  nigh,  rating  mm 

>  -^a^^^rrgm^^bes^ronmvebiae 

developed  on  the  engine  and  an  endurance  W*  sufficient  test  and  evaluation  will  be  done 

mission  conditions  including  salt  wata  ^ or  if  civU  support  is  sought  Hie 

engines  even  if  washing  is  after  eachfltght-  fcvelope4.  It  ^  mate  simultaneous 

3.  An  integrated  Logistic  Support  OLSM P'  ^^1  removal  and  replacement  as  reqimuti 

-  av«  wUlmnerm  me  P**- 

of  the  vehicle  as  auseful  entity. 

3.1 .2.4  Cost  and  Schedule 

w  Q — -  Pormniitinn  ffi  "  ^""Ision  SntitasKs  ms 

1)  Fan  Augmenrar  feasibility  assessment  and/or  rig  parametric tca®  ^  n  ^  pri0I  ra  Trtad 
Select  likely  candidate  engine  cycle  characteristi(^  (bwt^e“  envisioned  success  with  takeoff 

S=-“---SSsr-«S 

subtask  with  Subtask  5  team. 
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julsion 


PWA  and  GE  preparation  for  30-day  kickoff  meeting 

Make  preliminary  designs  for  candidate  engines 

Make  assessment  0f  augmentor  critical  technologies 

Pp^pnirw  feasibility  for  applicable  engines  via  rig  tests  -includes  pitch 

prep  and  give  to  Triad  meeting. 

Assess  best  candidate  engines  for  augmentor  if  possible  • 

Define  requirements  for  augmentor  research  and  development  in  63 


$50,000 

2  months 

$100,000 

1  months 

$50,000 

6  months 

$1,650,000 

1  months 

$50,000 

2  months 

$100,000 

In  ID.  .Ilow  18  monliis  md  note  to  $2  million  for  this  xaiviiy.  told  amt  wtlhrt*  S-montO 

usk  of  gening  PWA*ndGE  under  contract,  sub-contract  or  some  fonn  of  agreement  to  ARPA.  Assume  a 

start  on  this  immediately  after  a  kickoff  planning  meeting  30  days  from  program  start. 

2)  Resolution  of  propulsion  sizing  issues  so  the  selection  of  engine  candidates  and  augmentor 
conceptualization  can  proceed. 

From  the  vehicle  program,  and  outside  the  funding  of  this  section,  come  the  following  activities: 

•  Takeoff  technology  concept  definition  and  takeoff  thrust  contribution 

•  Proof  of  takeoff  technology  concepts)  feasibility 

•  Thrust  vectoring  concept  definition 

•  Proof  of  thrust  vectoring  coocept 

•  Fuel  tank  thermal  protection  concept  definition 

•  Proof  of  fuel  tank  thermal  protection  feasibility 

•  Reassess  requirements  and/or  contributions  from  PAR 

An  input  from  die  above  activity  codstituting  a  best  guess  on  their  expected  success  or  failure  with  Triad 
issueswOl  need  to  be  made  no  less  than  10  months  before  the  Triad  in  order  to  do  the  parametric 
augmentor  rig  tests  above  in  Subtask  1  and  the  preliminary  engine  salt  hardening  ^mua^l0W  ^ 
alternative  is  to  wait  until  vehicle  portions  in  parallel  with  Subtask  2  are  complete  before  beginning  the 

augmentor  rig  program. 

The  propulsion  portion  of  the  plan  will  provide: 

•  Manpower  to  interface  with  the  above  and  test  plan 

•  Determine  one-engine-out  main  engine  thmst  needs 

•  Identify  engines  in  this  thrust  class  (the  candidates) 

.  Fund  at  least  two  engines  for  salt  water  ingestion  hardening  planning  determine  saltwater  test  plan 

and  water  wash  procedures,  define  coating  and  material  changes  desired,  define  turbine  jane  area 
machining  changes  to  open  area  and  drop  operating  line  (price  a  new  vane  hardware  set  and  costs  for 

other  mods  to  be  borne  in  Phase  2.) 

•  Coordinate  probable  test  with  AEDC. 

•  Do  VCE  analytical  investigation  for  2nd/3rd  generation. 


_ WINGSH1P  TECHNOLOGY  ROADMAP 

2mpnrt.nl  Ted-net-gles  •  Pn.pul.ten - _  $u0  ^UK^month  Navy  VCE 

•nta  first  four  propulsion  plan  items  above  <»  •**»  ^S^fort  who  will  need  to  be  advised  to 

task. 

3)  The  Triad  decision  point  for  PAR 

.  Present  feasibility  of  concept  data  on  three  items 

•  Fan  duct  augmentor 

•  Thrust  vectoring  scheme 

The  propulsion  costs  would  be  costs  to  assessments  and  a  second 

-a-sirfiss-’.-------* 

beginning  of  the  overall  propulsion  62  phase.  .  on  dfic 

.  JZ  writes  and  3S- 

toxicity  concerns  begins  with  ..  assessment  whether  there  will  be 

.  do anaiytical and labplur Ut^J^aMltsU^^d water.  17 months,' $3-5 million, 
a  toxic  combustton  problem  lit»lihood  of  a  toxic  emission  problem. 

issue  cannot  be  dearly  settled  as  a  non-threat,  P0***®  t0  d0  sampung  of  real 

.  matte  operational  “mbustioniTi^<S”^vely  elimL£  the  throat  will  be  developed  in 

.  review  plan  and  comments  with  HPA  and  DoD. 

Allow  six  months  and  $400,000  for  the  ab0’l\  reviCT,  m  uetemine  impaa  upon  the  WIG 

^z:z'^^mz=  ^  ^  ^ fnttnul1 

problems  if  ARPA  wished  to.  Four  months,  $500,000. 

.  Vtnre  this  and  the  mitigation  plan  public  informanon 


Important  fchnotofli  os  -  Propulsion, 


W1NGSH1P  TECHNOLOGY  ROADMAP  - - - 

- months  and  $3.86  million  or  32  months  and  $4.76  million. 

Total  subtask  time  and  cost  are  either  25  months  . 

depending  on  whether  a  toxicity  problem  requiring  mtuganon 

5)  TATO- Size  and  idecsify  critical  technology  features.  $1  million 

diCh-^nun^^oro^ 
ner  vear  or  $60,000  for  32  months. 

Total  Concept  Formulation  Phase  1  («)  cons  for  can  be.  magnum  of  ». 67  milbon.  tune* 

32  months. 

m  iv>mnnstrntinnA/altdatlon  2  (6,3)  ff,imnshs  8161 

1)  30-day  planning  and  kickoff  meeting.  $80,000. 

2)  Harden  the  two  candidate  engines  for  the ; il^ d»big  toue  *•« 1,01 

Consider  the  corrosion  aspects  of  maceatxM  here  on  rework  of  the  turbine 

performance  degradation  from  salt  ingestion  * change  materials  if  feasible  (three 
vane  entry  flow  area,  coat  where  we  iave  objective  will  be  trying  to  avoid  ordering 

months  concurrent  with  turbine  work  below  and  S^OOO). tnewsetoffirst  ^gc  high 

long  lead  time  parts  although  ^  nickel  alloy  castings  allow  at  least  one  year 

pressure  turbine  (HPT)  vanes  for  each  engine .Swu  «s  interrupt  the  lines 

Wfois.  possibly  1 8  months.  (Picking  an  a«tne  on  getting  our  vane  set  for 

-parts  received  and  waiting  for  machining"  fo  Turbofto  high  pressure  turbine  (first  stage 

J^ing  a  different  vane  arge  Jg**  ^engtoetfus  $WW®d  one  month  for  vane 

CTF  HPT1)  vane  set  would  be  on  foe  .^S^atodown  tests  by  foe  manufacturer,  m 

rework.  Allow  another  three  monthsforengme  water  wash  probes  are  to  be  used,  build- 

preparation  for  foe  actual  salt  tests  ve  testing*  ensure  no  resonances  in 

Sipisfoe  time  when  they  need  to  be  Sgtt  damage  risk  item.  Engine 

foe  operating  range.  In  situ  probes  fooid  ^mmit  to  estimate  because  they  depend  more 

acquisition  costs,  exclusive  of  foe  above  fofwiGs  than  actual  costs  to  produce  foe  engines 

on  the  perceived  market  the  engine  man  ^  is  required.  The  costs  could  be  as  low  as  zero 

used.  For  foe  test  pro^ortiy  ^_en^o^^^  m  $6  million  to  $8  million  per  engine 


ussZlfor  the  test  program,  only  one  ^UiOT  to  $8  million  per  engine 

for  a  loaned  engine,  $4  million  for  use  P°*  class  Assume  refurbishment  costs  for  both 

serial  number  for  an  outright  purchase  m  foe  *  *>  less  than  nine  months  and 

engines,  i.e.  $8  milUon  for  aap» “  peTwgine.  Use  one  year  to  allow  for  minor 

pretest  rework  costs  after  acquisition  will  be  $13  mfoi  p«  ^^crcial  schedule.  Total  subtask  costs 

contingencies  including  fitting  imo  «  semi-saU  hardened  test  articles  to  AEDC  will  be  $9.3 
including  acquisition  and  rework  to  deliver  two  semi  sau 

million. 

3)  Salt  water  tajestion  testing  - AUo*^^  ^ntteof M>Si»e 

(including  salt  mist  rig  300  lest  hoins^each  of  two  different  engines,  ttoe  AEDC  costs 

occupancy  (four  months  each)  for  200  water  combustion  mitigation 

wouWbe  on  the  orier  of  H  rfta. ^ '  *  ^^ntt,  for  rids).  Anricipad  that 
facility  modifications  (sUow  an  addiUonalKWO  »U1  Ukdy  assist  NAVSEA  ron  these  tests  at  a 

I"  r^TuTpL  c^Tof  $200,000  per  year  above  dm  $4  mimon  per  e^ine  ms,  cosm  by 


important  T«chnotogte»  -  Propulsion, 
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USAF.  Allow  60  days  for  teardown  and  inspection  of  each  engine  at  a  cost  of  $600,000.  me  u  mg 
NAWC/AD  and  engine  contractors. 

Allow  60  days  and  $40(MX50  to  resolve  these  data  mao  *  deason. 

Allow  24  months  and  $15.4  million  for  this  test  and  evaluation  last 

.  •  ^.Mtnnnwnt  -  Once  Phase  2  is  entered,  both  engine  contractor  are  to  be 

4)  Full  soak  tupnemor  ng  xmaax  rig  design  with  realistic  any  pressures 

funded  to  complete  a  full  scale  length  ^  planning  work  to  develop  a  good  full  scale 

Kssssscr™-- 

$500,000  for  this,  including  design  of  some  new  ng  facility  parts.- 

rsrr-Tffi- 

($1,000).  Allow  sU  months  for  ng  rin  of  m  pernor  ready  to  enter 

* 26  ton  “  d“  'ngtaK  m 

shipped,  cost  will  be  $3  million. 

5,  comhustio.  «**  -*— •  This 

water  combustion  work  at  UW  in  be  started  early  in  the 

mitigation  plan  developed  on  with  s^lt  water  ingestion  at  AEDC  should  be  used  as 

Demonstration/Validation  phase.  The  engines  on  test  subtask.  (Recall  that  $2  million  was 

a  sample  some  and  should  he  instrumented  accotdmgiy  could  be  dchned 

anoernd  In  the  salt  water  test  for  ftdlitynMdlfitanon  to  mtngsttgy^  probable  that  AEDC 

early  enough.  With  the  disclosures  on  this  to^cis  visMe  P  ^  tf^„g)  A]low  $6  million 

management  or  the  blue  collar  Union  wffl  demand  t^ti^o  P  ^  ^  mitigation  at  AEDC  to 

and  28  months  for  the  development  of  samp  8  nublic  review  and  comment,  and  development 
demonstrate  success,  including  10  tnomhs  ^^^^^OT^A^^taRfflScale  Engineering 
of  a  mitigation  plan  lor  m  develoiL.  the  detection  equipment  should  go  to  sea 

Development ,  Phase  m.  Once  <fetecT^°  sienificant  amounts  of  sea  salts  -  DD963's  for  example. 
Z could  Luon  reliably  h.  such  an  enviromaenh  with  remits 

_ « d^uiei  tr>  the  service  generating  foe  samples. 


unmwtiM.ua  — -  — 

6)  TATO  -  Design,  fabricate  and  test  critical  technologies.  $4  million. 


6)  lAlU  -  aww— - 

7)  Contract/project  management  and  coordination  ■  To  monitor  foe  above  and  beep  it  coherent. 
$250  000  per  year  for  40  months,  $900,000  totaL 


WINGSHIP  TECHNOLOGY  ROADMAP - - -1-  .  _  , 

Overall  Phase  2  time  will  be  44  months.  TotalPhase  2  DemonstraUon^alidation  (6.3)  costs  wi 
million. 


Full  Enninmlnfl  OgYPiWwiwni  rum?  *  .  pfrt  is 

1)  Augmented  engine  development  tor  tat  Sight  teas  end 

me  perfonnance  end  mliability  mtetone  ^  ^  snowing  the  sell  water  tea 

tectafcal  equation  on  the  WIG  vm  .  Nevj |W will  use  me  tea  end 
end  downselect  to  t  angle  engine.  onoe  6 A  Is  enteted.  fte  ^pne^^  suitable  for  the  WIG 

teardown  inspection  information  to  identify  dianges  this^ew  engine  model,  with  augmentor, 

environment  Concurrent  with  a  design  and  re  .  changes  to  accommodate  salt  and 

development  to  PFRT  proceeds,  with  p^with  several  foil  scale  tests  of  200  to 

regular  washings,  and  diagnostics  thereto.  Assume  tu^  y^toPFRTwi^  fittest  with  sea  salt  at  rated 
400  hours  duration  under  mission  conditions  with  Ml  ^.test  performance  checks,  and  post¬ 
turbine  inlet  temperature  (TIT)  +  ^  F  of  ^  ^  cvaluation  should  be  at  the  same  facility 

test  disassembly  and  inspection.  All  AEDC  This  is  because  that  facility  will  have 

where  salt  ingestion  selection  tests  ,  of  resting.  To  activate  the  Phase 

undergone  emission  mitigation  treatment  ^assume  another  $6  million  for  facility 

ni  toxic  emission  mitigation  plan  written  million  per  year  AEDC  costs 

■  - aK  frab,y 

enhancements  above).  Tool  $106  million  through  PFRT. 

Approximately  eight  reRT  **^^($100011^10?  KlengitaMJilhfol*1 ®>ihe 

mS k  u  an  assumed  cost  of  * 1 rLJ^mtion  for  items  that  had  to  be 
program.)  Note  that  all  10  of^MSole  Engineering  Development  program, 

Snged  m.rosuUofreRT.huth,the31amo«d.of  ^^^Ivrduatioo  program  for  the 
all  10  engines  have  been  deUvemd  to  the  «stWK3  removed  and  leturned  for  overhaul. 

WIG  should  not  fly  the  engines  mom  than  500  bouts  before  they 

,  Augmented  engine  development  through  a  —■* 

ami  should  be  considered  as  a  ^^^3.3  j^Sedunfomry  with  excellent  potential 

will  be  an  engine  sUgluly  downrattd  (hut  not  »>«■ mm  ast  experience  teU  the  manufaenner 
to  have  performance  continuously  creep  up  as  of  tiie  6.4  program  fed  by  flight 

where  to  put  his  efforts  to  raise  durability  wi  p«f  ^  be  an  engine  model  with  probably  no  less 
test  and  AEDC  salt  ingestion  tests  of  600 to  on  the  wing  before  removal. 

^1^^  24  moruhs  and  another  S90  mOiion  for  foe  manufactuter 

and  $30  million  for  AEDC,  Total  $120  ntilhot 

3)  TATO  -  Build  and  deliver  1 1/2  hardware  sets  to  flightiest  vehicle 

4)  Contract/project  management  and  coordination  -  To  monitor  all  the  above  and  beep  it  coherent. 
$250,000  per  year  for  48  months.  Total  $1  million. 

Total  Phase  3  time  will  be  four  years  and  costs  will  be  $227  million. 


Pmnuhiftn  Lb  l  -  * &  tim*  anf1  ^  ^ 

Time  in  months 

32 

44 

Ji— 


Phase 

1. 6.2  Concept  Formulation 

2. 6.3  Demonstration/Validation 

Ting  TVvriopmenL 


a  6  4  Scale  B 
Totals 


Cost 

$  9.87  million 
$38.60  million 
y?4^  00  million 


124  months  $291.47  million 


the  time  layout  of  each  task  and  subtask. 
The  following  program  charts  show  the  urn  y 


Figure  3-9  -  Overall  Propulsion  Technology  Development  Pan  Summary 
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PROPULSION  CONCEPT  FORMULATION  PLAN 

Phase  I  (6.2) 


,  Writ*  Phase  in  MHIgcdon  Plan  For  FS ED  Testing 


3.1.3  Structures 


This  technology  roadmap  for  structures  discusses  wingships  from  150  Ltons  to  5,000  tons,  in  aze.  (^crte. 

™  £ZZns.)  TheempiriMl  tasis  for  this  roadmap  is  limited  amce  Urn  taps  vrn^p  Mr  to  date 
££££.». U— V.«  load  weight  of  only  540  tons.m  ORLAN  aod  LUN 
wot  about  ISO  tons  and  400  torn  respectively.  Several  US.  designs  have  reported  sees i  ranging  front  590 
tons  to  1.000  tons.  These  consisted  of  the  Douglas  Aircmft 
Ground-Effect  operation)  under  Advanced  Naval  Vehicle 

Georgia  1362.000-lbs  “Spanloader”;  a  Lockheed  1962  design  of  a  “Winged  HM  Vetock latUOOW 
lbr  md  a  Douglas  Aircraft  2.000.000  lbs  design  of  a  WIG-S.  also  peifonned  under  ANVCE.  Recent 
information  on  an  informal  Northrop  wingship  of  1.600.000  lbs  is  also  included. 

3.1 .3.1  Requirements 

Structures  requirements  are  based  on  the  utilization  of  Power  Augmented  Ram  (PAR)  for  takeoff 
assistance,  S  the  use  of  a  hydroski  or  other  devices  for  landing.  These  features  may  have  considerable 
impact  on  loads  imposed  on  wingship  structures  during  landing.  The  latter,  particularly,  is  critical  an  a 

determining  factor  in  structural  large  wingship  design.  Emphasis  is  on 

snucturai  weight  to  achieve  the  relatively  high  payload  frictions  necessary  to  obtain the  foB 

wingship  concept.  It  will  be  necessary  to  be  able  to  accurately  estimate  vetade  eanfty ' wight  ate*! *vend 

yeareprior  to  the  start  of  engineering  development.  This  ability,  nonMffy  well  withm  foecapghty  of  the 

aircraft  industry,  will  be  severely  hampered  when  the  vehicle  employs  the  Mowing  charactenstt  . 

1.  A  high  percent  of  composite  materials  in  the  structure  itself  (typically  at  least  45%  to  55%) 

2.  A  perception  of  vehicle  structural  needs  which  drives  either  toe  developer  01 

towards  a  new  family  of  resins  with  uncertain  charactensucs  m  allowables  and  producib  ty- 
risk  of  entering  engineering  development  with  resin/matrix  properties  in  allowables  or  producibility 
impacting  weight  that  the  still  being  defined  in  unacceptable. 

3.  Large  composite  structural  sizes  and  shapes  which  are  not  in  the  actual  composite  manufacturing 
experience  of  the  devdoper. 

4.  A  configuration  other  than  conventional  wing-fuselage-tail,  i.e.  one  in  which  the  usual  parametrics 
used  prior  to  actual  structural  design  are  not  in  the  devdopers  experience  base. 

5  When  one  of  the  "illities"  can  have  a  significant  and  adverse  impact  upon  weight  if  it's  system 
engineering  needs  are  not  acknowledged  and  accommodated  in  the  preliminary  vehicle  design. 

A  detailed  recommended  experimental  and  analytical  loads  program  is  included  under  3. 1.3.5 

For  the  400-,  1.000-,  2,300-  and  5,000-ton  wingship  alternatives,  a  high  priority  will  need  to  be  placed  on 
advanced  high-strength  lightweight  materials  and  structural  design  methods.  The  larger  wmgship  struemres 
wilU^tire  ^vMcedalu^umftitanium  and  composite  materials.  It  is  evident  that  a  requirement  of  future 
largewingship  design  that  the  large  differences  be  fully  understood  between  projected  structural  weight  aid 
mpty  weight  values,  and  those  actually  achieved  for  the  ORLAN  and  LUN  wingships.  Modem 
composites  with  imbedded  boron  fibers  (expensive),  carbon,  graphite  and  Kevlar  fibers  have  lead  to 
significant  (about  25%  to  30%)  weight  savings  over  conventional  aluminum.  The  increased  cost  associated 
with  composites  could  be  dissipated  by  reducing  structural  pieces,  component  commonality  and  structural 


metals  and  po.yimid«  could 

•  'it  tv  needed  to  utilize  advanced  composites  technologies  for  wingships. 

Substantial  analysis  and  testing  will  be  need  Msites  ^  be  tailored  to  meet  load  requirements. 

,  Unlike  metals,  the  strength  and  from  environmental  heat  and  moisture,  fatigue 

Research  and  development  is  cnhcal  m  preventing  promem* 

and  slamming  damage,  and  delamination  failure. 

H  Os,  me  effective  use  of  sandwich  core  material  in  the  fuselage,  wrngs  and 

Special  attention  should  be  given  to  Mission  Required  Capabilities 

31.3.2  State  of  the  Art 

An  information  summary  reganiing  smrcmres  on  erfsting  large  wingships  and  projected  destgns  ,s 
included  here  for  background  information.  neither  concept  became 

craft  ronKeoming  operational  may  be  either  concept  deficiencies  or 

general  conditions  in  the  former  Soviet  Union. 

■  „  ,  „„  ,  ,na{re  94',  u  is  not  clear  that  the  technology  base  exists 

As  pointed  out  in  the  wingship  report,  Rc^“1(^f  Modern  lightweight  materials.  Hence,  a  sequence  of 
to  support  design  of  a  wmg<ar^-thrmt^™  ’  *  jHlogy  base  to  ensure  that  a  lightweight 

structural  design.  The  authors  emphasized  the  following: 

:  j-prssrssrs  - -  -  •  - 

‘  load  and  me  means  of  damping 

•  -S5SSS2& c-^-TT subsystems.  „  addirion. 
.  Wingships.  like  modem  •^e£^f^^,»er  and  alr.  are  complicated  by  the 
wingships.  which  operate  on  t  conditions  This  condition  creates  extremely  stringent 

*  wWA  tofumdOOTtmesro^gt^^^tltB  optimization  possibilities  of  not  only  the  structures,  but 
also  of  the  wingship  as  a  whole. 


wiMfssmP  technology  roadmap 


“hri  PNOK"  (?rlan)  Wlnashla 

*.  Of  me  150-ton  ORLAN  is  given  in  F.gure  3-13.  which  is  taken  from  Reference  3. 


An  overview  < 
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Important  Tachm 


The  ORLAN,  also  called  the  A.90.150  EKRANOPLAN,  has  the  following  princi 
according  to  References  3  and  4: 


Structures 


cteristics. 


Overall  length 

Wingspan 

Height 

Fuselage  length 
Wing  area 
Horizontal  tail  span 
Horizontal  tail  area 


190.3  ft;  58.0  m 

103.4  ft;  31.5  m 
515  ft;  16.0  m 
151  ft;  46.0  m 
3218  ft2;  299  m2 
85.3  ft  26  m 
1300  ft2;  120.7  m2 


Weight,  normal  takeoff 
Weight,  overload  takeoff 
Engines 


Speed,  cruising 
Range 

Fuel  load  for  normal  takeoff 
weight 

Fuel  load  for  overload  takeoff 
weight 

Sea  flying  limit;  takeoff  and 
landing 

While  afloat  and  flying 


llOtons 

125  tons  (with  restriction  in  wave  height  during  takeoff). 

two  Kuznetsov  NK-8  tuibo-fan  engines,  up  to  10.5  tons 
thrust  for  takeoff;  one  Kuznetsov  NK-12, 1 1,000  kW, 
turboprop  for  sustained  cruising. 

400  km/h;  216  knots 

2000  km,  1080  n  miles 

15  tons 

28  tons 

“Force  4”  (Seastate  3) 

“FOrce  4  to  5”  (Approximately  Seastate  4) 


\ 

\y 
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Figure  3-13  -  Overview  of  ORLAN 

*Ttie  fuselage  is  of  a  relanvely  simple  girder  end  stringer  design  and  Uite  me  wings,  is  divided  into 
watertight  compartments."  Note  that  this  is  a  welded  structure. 

He  NK-12  turboprop  insmlladon  is  mounted  high  at  die  fin  and  tailplane  interseraion  in  order  to  keep  the 
jntaVft  as  far  away  from  sea  spray  as  is  feasible. 

The  nose-mounted  jet  engines  have  Pivoted  toSng  flight  the 

directed  beneath  the  wing  to  boost  the  ram-air  p  ^  ^  speed  is  reached.  The 

nomles  are  redirected  to  provide  h0n2°”t^1^^  tocadOT  ofte  jet  units  allows  their  intakes  to  be 

m^ffjaunimamthenshuUo^^^'^^ 

positioned  in  the  contours  of  the  nose  in  sucn  a  way  as  iu  um 

.  _  nf  art  an  bv  WARDIV,  NAWC,  and 

Several  independent  weight  breakdown  estimates  were  ORLAN,  including  weight 

“ow  -wc  ^ht  " 

formToRLAN  with  the  CARDIV.  NSWC  weight  esomate  for  companson. 
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ORLAN  WINGSHIP  VEHICLE  WEIGHT  ESTIMATE  COMPARISON 


COMPONENT 


WEIGHT  (to) 
WARDIV,  NAWC 


Wings 
Eadplates 
Horizontal  Tail 
Vertical  Tail 


LOW 

23,415 

24,770 

4,796 

7.759 


MID 

37316 

35325 

8344 

10300 


HIGH 

41348 

43.428 

13357 

11320 


CARDIV,  NSWC 


51316 

27340 

73880 

9300 

2354 


Subsequent  to  this  study,  the  wingship  team  Thi^^to74Wlte  based  on  normal 

structural  weight  fraction  of  ORLAN  was  34  .(Reference  ^  Apparently  the 

WazDiv,  NAWC  low-  lo  mid-range  calculation  btaorered  au&muil 

value  for  tire  ORLAN  emp*  weigh.  faction  ym  reponed  as  50%.  (ReferaceA.) 


[IIMMPASATFI  Wlnnshlp 

LUN  is  shown  to  Figure  3-14.  SPASATEL  was  built  to  the  same 
not  completed. 


basic  design  as  a  rescue  vehicle,  but  was 


Principal  Characteristics  of  LUN  are: 
Total  full  load  weight 
Length,  overall 
Beam/Wingspan 
Wing  chord 
Height,  overall 
Draft,  hull  borne 
Power  plants 


400  tons 
242  ft;  73.8  m 
144  fU  44  in 

43.6%;  133  m  (estimate  based  on  Aspect  Ratio  of  33) 

63  ft;  193  m 

8  NK-87  type  turbofan  engines,  each  with  a  maximum 
static  thrust  of  13  tons  (26*000  lb.) 


i  •  «ti^  i  tin  has  been  made  by  the  WTET.  The  Russians  told  the  U.S.  team 

"“if  ofLON  i^tbe  same  as  tire  ORLAN  -  34%.  Ms  would  be  about 

that  the  structural  weight  fraction  of  LUNts  im  sam  . 

272,000  lbs.  Empty  weight  fraction  was  reported  as  50%.  (Reference  ) 


No 
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Figure  3*14  -  LUN 
l.nckheed-Gpnrnla  WlnashlD 

It  should  be  borne  in  mind  that  the  Lockheed  vehicle,  described  in  Reference  5  and  shown  in  Rgure  3-15, 
was  analyzed  without  benefit  of  recent  information  and  knowledge  from  various  Russian  ORLAN  and 

LUN  wingship  experts. 

The  Lockheed  1362-million-lb  wing-in-ground-effect  (wingship)  was  designed  as  a  logistics  transport 
lab^Lporting  441.000  pounds  (200.038  kg)  4,000  nautical  miles  (7.408  Mover  an  open .ocean 
in  a  SeastateTSvironment  at  a  cruise  speed  of  0.40  Mach.  Power  Augmented  Ram  (PAR)  ^  provided  for 
the  takeoff  and  landing  modes.  Payload  containment  is  provided  within  the  wing  contourand  is  distributed 
I^Llpan  of  L  wing.  tZ  forwanl  fuselage  contains  all  required  mew  accommodanons ;  >e«qr 
for  the  15-hour  design  mission.  The  forward  fuselage  also  provides  support  to  the  mam  propulsion  system 
maMuonforvZand  above  tee  wing  leading  edge  as  requited  for  power  augmemanon  d^ng  me 
takeoff  and  landing  inodes.  Urn  twin  vertical  and  full  span  all-movable  lionaontal  empennage  is  supported 
from  the  wing  trailing  edge  by  twin  tail  booms. 


Figure  3-15  -  Lockheed-Georgla  Wingship 
Structural  Aspects 

expected  on  an  aircraft  of  this  size.  This  was  due  .  values.  The  spanloader  concept  uses 

did  ua  alio*  ^  «Mr 

payload  and  fuel  distributed  along  ,rhm<in.,  [pads  In  flight,  causes  severe  penalncs  due  to 

configuration  this  distribution,  while  e  g  wingship  flotation  is  provided  by  the  vmig, 

down  bending  loads  while  on  the  ground.  Sincere  1 ?!^nd  bffl<Station  loads  while  the  aircraft  is  in 
these  down  bending  loads  axe  reacted  by  **  l°^  mftig*  downbcnding  loads.  Another  reason 

water.  In  feet,  flotation  loads  are  such  tot  of  ^  moie  noxmal  USg.  THis  load  fector  was 

for  low  loads  is  the  maneuver  load  fector  bems ^5g  ^  ^  ^  required  when  the  maximum  cruise 

lowered  for  the  wingship  aircraft  because  ^  ^  rcgime  is  straight  and  level  with  skid 

altitude  of  approximately  five  feet  (Uto^Essemiy  ^  ^  ^  j^ibs.  (13.5  million  N- 
tums.  The  L5g  flight  case  indicates  a  root  moment  conditiora  The  aircraft  is 

m).  The  other  condition  shown  represents  the  J*5  fad  concentrated  at  the  centerline.  Under 

supported  by  the  end  endplates  only  with  thc^Py  ^  fo-lb  (48  million  N-m).  For 

internal  loads  produced  by 

maximum  cover  loading  of  about  4,800  lbA  (  *  thickness  tend  to  reduce  internal 

of  loads  information. 
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Infant  T.cnnol°clM-stru«urg - -  ’  ;  ^  ^jvancedlechnology  stmcture. 

£SaSsa«5S-ss.-=sss 

aircrafL  .  t  _  mifltivelv  low  flight  loads.  A  large  penalty,  peculiar 

Wing.-  The  wing  is  a  large  from  the  heavy  vehicular  cargo  floor.  Thfcts  estm^  ^  o 

suffering  impact  damage  from  floating  fmmlhe  1/1000  highest  wave 

iow  t 

,  *  -trees  levels  used  in  the  design.  It  was  db»«j  ^  wave  impact  However,  an  impact  aeprn 
.SLSutigue  and  dynamic  resP°nsc  ftL  the  wing  and  possibly  cause 

at  speeds  no  greater  titan  16  knots  (85  m/ )  primarily  skin-stringer  design 

Fmriage .  The  fuselage  is  typical aiicnft  *J'“^ft^>Sties  and  various  systems  installations.  The 

floor  levels  installed  for  allow  for  damage.  Tbe  fuselage  a  most 

CeSge  *  —  *■  ""T  ■* 15  "SSTSSm  tonpe  box  spans  the 

unusual  featum  is  the  engine  mounnng ^ng  ft*  entire  totque  box  and  movmgtoeengm 

supports  all  four  engines,  10%  to  account  for  the  torque  box  arrangement. 

s^ssasssssss-t— — 

me  engine  rotation  aetuanon  sysmn.  ,he  Lockheed  wingship  design  for  lrifiing 

A  single.  V-shaped,  retracoble  hydmM v«  of  7.6  ft.  The  hydrofoil  is  «tended  ml50 

168.000  lbs.  Reference  5  describes  the  hydmfod.  fteR„ssian  experience,  the 

Comment:  It  is  apparent  that  if  this  "  "^£3! «  »  and  Ce  associated  loads  would  have 

-  >..  ■ 
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Figure  3-16  -  Northrop  Wlngshlp  1.6M 

Physiol  characteristics  of  the  Norihtop  Wihgship  ate  summarized  as  follows: 
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Dimensions 

Length 

Height 

Wing  Span 

Wing  Root  Chord 

Wing  Tip  Chord 

Wing  Area 

Wing  Thickness  Ratio 

Wing  Loading 

Aspect  Ratio 

Propulsion  Engines  (flight) 


282  ft 
70  ft 
141.4  ft 
65ft 
44.7  ft 
7.778  ft2 
approx.  8% 
206  lb/ft2 
Z6 

(4)  Fixed  pitch  Advanced 
Technology  bypass  ratio 
turbo  fans,  about  84,000 
SLS  thrust  each. 


Weights 

Structure 
Propulsion 
Weight  Empty 
Operating  Weight 
Payload 
Fuel  Usable 


527,836  lbs 
*158,233  lbs 
751,369  lbs 
762,568  lbs 

320,000  lbs 

\  . 

517*432  lbs 


Basic  MissiooTakeoff  Gross  Weight  l,60M001bs 

■a-  .  a  smictusal  weight  fraction  of  32%,  and  an  empty  weight  fraction  of  47%. 

Douglas  s'rcran  Yflmnhln  fW'"ng"ID-s' 

M  overview  of  ihc  Doa^as  Win^S  is  show,  in  Figure  M7.  *» 7' 
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Figure  3-17  -  Douglas  Aircraft  Wlngshlp-S 

UBiflOOW-lteveUde  uses  the  power  augmepie^rMffAR)wiog  concept 

cavi^Uenetsieed&oniflieerftoi^rf^efoOT^MrimwfflMdeD^^P^^^^^^^^^p^ 

According  to  Reference  7,lhe  wing  Is  also 

speed  and  hydrodynamic  forces  on  foe  fuselage  due  to  rorwara  fasdaee.  therefore,  is  similar  to 

a  conventional  landplane  design  and  J“S“P  included  under  the  alt  fuselage  to  assist  in  vehicle 

“d  ^ A  conveoaoMl  T  "" empmrage  2150  ,Mta"  md 

stability  at  forward  speeds. 

Structural  Aspects  of  Dougas  Wingship-S 

The  1977  structural  design  of  the  alloys  and  tempers,  and 

on  anticipated  1990  technology  capab  ty  P  boron/epoxy  (B/Ep),  and  Kevlar/epoxy 

advanced  composite  construction  v^rebeUeved  to  be  most 

(Kev/Ep)  advanced  composite  matenals  were  re  & 
likely  developed  for  1990  technology  design. 

TtM^T^x'and^^S^v^chhave  ^ 
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well  as  high  strength  and  stiffness-  New  dtaniutn  alloys  were  const 

alloys.  TUt*  m?iin  structural  boxes. 

The  major  advanced  contrite  ^o" 

control  surfaces,  and  fairings  were  pnmaniy  composit  *  ,  ^  edge. 

song..  The  wing  has  a  me  fmnt^  rear 

main  structural  box,  trailing  edge  and  .bovTtbe  lower  surface.  This  arrangement 

ioS£«  wing  t^dhtg  and  shows  upper  tardt  pane,  to  he  use  asa  cor 

for  personnel,  equipment,  and/or  cargo.  -he  1 02  m  (40  in)  on  center  mid  stiffened  cover  panels. 

The  basic  structural  system  consists  of  »v«  ^  ,  Jj„,  requirements  and  reliable  manufactunng 

Component  construction  utilizes  forms ^ompa  construction.  These  forms  have  demonstrated 

pmcesses.  The  basic  concept 15 .“ff^h^lLLbility  and  repair  capability.  Minimum  sandw.ch 
a  Ugh  level  of  stmcturaleffiootcy  ^^i  with  ftbXadon.  inspecdon  and  env.mnnre- 

construction  was  considered  because  of  p^^soo^  ^  ^  ^  ^res  wtnch  are 

.  inremal  fuel  over-fill  pmssnre. 

Comment  Note  that  these  values  are  much  lower  than  those  used  by  the  Russians. 

““■■rrm  ..-..sag: 

consist  of  main  load  carrying  boxes  (spar/nb/paoe  composite  stiffened  panel  and  multi-nb 

structure. 

Shear  and  bending  was  assmned 

stability  under  axial  compression.  The  lower  pan 

deDth  is  used  to  resist  bending  from  water  pressure. 

— ■=r- 
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Risk  Area  Definition  .  _ 

According  to  the  Douglas  report,  the  only  artides  to  full  size 

fa  „77  Douglas  *=  risks  —  " """ 

Leria  for  reasonable  risk  is  but  the  same.  and  have  undergone  a 

completed  design  and  devdopmenn  Mud^^^rdd^  ^ ^  ^ future) 

prescribed  period  flight  testing.  Signifi  1985  would  pennit  reasonable  risk 

*— «r  tobeata  compete^  level  commensurate  with 

reasonable  risk  by  1985. 

flffrfflTP"  Pash»1A 

The  5  .OOOUon  wingship  design  by  AEROCON  is  illustrated  in  Figure  3-18.  Oleference  .) 


Figure  3-18  -  AEROCON  5,000-ton  wlngshlp 

TOe  AEROCON  DASH  1.6  wingship  design  has  the  Mowing  physical  cbamcmrisrics  (Refemnce  8): 


w.^cmiptFCHNOLOC5Y  ROADMAP 
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FUSELAGE 

Length  (overall) 

Maximum  Height 

Max  Beam  (Strake) 

WING 

Span 

Root  Chord 
Tip  Chord 

Wing  Pianfbim  Area 
Aspect  Ratio 

PROPULSION  BRIDGE 
Overall  Span 
Root  Chord 
Gross  Area 
Aspect  Ratio 
EMPENNAGE 

Overall  Span 
Root  Chord 
Tip  Chord 

Empennage  Flanfonn-Span  Area 


566  ft 
112  ft 
116  ft 


340.00  ft 
156.00  ft 
60.00  ft 

38, 720.0  ft V 
3.13 

236  ft 
64  ft 
13,087  ft2 
425 


320.00  ft 
85.00  ft 
33.00 
18,680.0 


The  AEROCON  DASH-1.6  wingship  Designto  UK  foBowm® 

Takeoff  Gross  Weight*  WO  i  *701  tnnc 


^  - -  ^  ' 

Takeoff  Gross  Weight,  WO 

Empty  Weight,  WE  =  .3588  WO 
Max  Fuel,  WF  max  =  SI  WO 
Max  Payload,  WP  max  *  .345  WO 
Max  Payload  at  WF  max 
Wing  Loading  * 

Takeoff  Speed  (Based  on  Cl  =  1-0)  276  taots 

Cruise  Velocity,  VC 
Cruise  (clearance)  Altitude,  HC 
Cruise  L/D 


5,000  tons 
1,794  tons 
2,600  tons 
1,725  tons 
606  tons 
2581bfft2 

400  knots 
12  feet 
32J 


Cruise  L/D  .  . 

Bight  velocity  of  400  knots  are  mmdcal  miles  at  an  altitude  no  higher  than  15,000 

the  example  chosen  and  a  sustained  free  air  .  ^accelerated  climb  using  the  initial 

“eet  was  selected.  The  climb  estimations  «^°“”f0n5  During  climb,  all  engines  (cruise  and 
Sse  speed,  full  power  thrust-to-weigh.  ^  of  2.0  for  thnist  specific  fed 

PAR)  will  operate  with  thrust  feet,  a  conservative  value  of  15  for  lift/drag 

consumption^S^^^^-  ^^^^'^Boofeet.  a  sufficient  number  of  engines  (of 

thTtotal  of  16°ot^t«s)  wi^beopera^tti  keep  die  TSFC  at  0.6  or  less. 
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Loads  Considerations  \  *  '  ~  . 

As  originally  envisioned  by  many! and  wave  impact  loads 
the  water  surface  at  very  low  speeds.  Thus  the  y  ^  Douglas  designs  previously 

dining  landing  were  expected  to  be  quite  MIL _ ^  witti  fall  scale  vdngships 

described  were  based  upon  ttoassumpmmlJnfoifanaKly^R^  craftTkw  speed,  and  the  takeoff  and 

contradicts  mis  assumption. ThePAR  effKt md  “  PP°  LON  is 340 km/hr (which  is  65%  of 

landing  speeds  were  very  high.  me  hydtodynamic  loads  mroughout  me 

reJK  hydrosid  beneath  die  hull  to  reduce  impact  forces 

in  additton  to  me  hydiodynamicMs  de^o^J^01^  ^ £*d  seriously 
With  unusually  high  waves  (so  called  rouS*  that  m  unidratlficd  Russian  wingship  struck  such 

concerns  wingships  designers.  It  was  rcP°"ed  “)  acceleration  and  sustained  severe  damage  at  the 

a  wave  at  cruise  speed,  experienced  an  8  to  g  P*  f  H  to  2cvoii  or  preclude  such  impacts,  it 

pnSs^See  Item  2  under  -Recommended  Experimental  Studies.) 

The  Russians  did  not  share  then  methods  wim  WKT. »  ^  empMai  fonnulations)  the 

vehides  for  a4g  acceleration  at  the  center  of  graty  speed  and  gross  weight  (Referenced). 

maximum  operational  wave  bas'd  ?! ' L  bottom  scantlings,  the  Russians  also  repotted  that  me 

SPSSStf-  app— yaopsi.  <*<*-«• 

to  summary,  unless  the  PAR 

Typirai  Takeoff  nnri  l  andlnq  Scenarios 

At  low  speed,  where  buoyant  fo^are  ^h  approve.  Stoeld.  wings,  flaps  and 

^'^Sc0ntaCt  with  ^d  water  and  the  end  plates  are 

submerged.  . 

As  speed  increases,  hull  hydrodynamic  forces  <tom?“'^”“e^^^”^1^^Iergy  of  me  spray  can 
spray^dieets  develop  as  toe  hull  vSg  deviS.  h.  me  LUN.  me 

may  n0‘ 
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*  I"  .  0iates  are  constantly  penetrating  the  oncoming  wav 

When  landing,  the  vehicle  is  uJh-down  conditions, 

path  angle.  Although  sufficient  aerodymamic  ap  ty  maximum  loads  and  pressures  occur  in  the 

— » » — — • — 

conditions. 


WIMGSHIP  TECHNOLOGY  ROADMAP. 


^■rrr!  of  Hvffloavppnw  .  nn 

Hjita  related  to  hydrodynaniic  loads  on 

« _ i-.  nl 


•based 

hump 


wingships.  it  is  useM  to  refer  to  the  extensive  « - 

The  U.S.  has  relied  heavily  on  model  tests  Wn^s  as:  resistance,  hu  . 

^tedon  rcgrcssion  ^ of 
these  experimental  data  have  been  developed.  f 

Analytical  studies  of  the  basic  tott*  ta^act  praess 

knowledge  of  the  random  combinations  aamy  ajuem  ot  aa  nin-oot  process 

during  the  run-out  where  the  j^odated  with  landings  lit  irregular  seas.  Existing 

must  be  developed  to  quantify  motions  ciaftt  have  met  with  some  success  in  describing  hull 

time-dependent  solutions  (espedallyfor  ptrnng^^  CMflnM(,  aevdopment  of  these  analytical 

, 

In  any  event  analytical  resulBmust^w^^®tP^|^^^aa^|^^^^^^^dd'^sobe^sed. 

been  developed  based  upon  numerals  ^  increases  linearly  with  hull  beam.  Since 

use  of  hydroskis  on  Russian  Ekranoplans. 


use  of  hydroSKis  on  ^  ta  gating  design  loads  for 

Although  existing  seapiane  design  prow  ^  features  of  the  wingship.  For  example. 

W'Ta^”p“  toral  ^  W“'  M  rc$L  "V  " 

vulnerable  to  wave  impact  ...  „_viHp  a  "cushioning"  action  during  landing. 

(b)  The  aerodynamic  ^“J^^^pVsyste^ill  inleract  with  the  wing  to  produce  additional 
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^0)  The  proximity  of  the  deflected  wing  flaps  on  the  low  wing  to  tire 

large  loads  due  to  impart  with  green  water  and  high  energy  spray  sheets  developed  by  th 

(e)  M -  W  *“  ^  ^ 

drag  and  side  forces  in  the  yawed  condition. 

Construction  Materials 

A  discussion  of  construction  materials  based  on  large  Soviet  wingship  experience  from  RAW -2  is 
found  in  the  Appendix  C  (Stmcnnes).  This  should  provide  a  departure  point  for  matenal  cons.derat.ons 

any  large  wingships  U.S.  anticipate  building. 

Structural  Weight  And  Empty  Weight  Fractions 

As  an  example  of  the  wide  diversity  of  empty  weight  and  stnrctural  weight  estimates  for  various 
“designed”  large  wingships,  the  following  table  is  provided. 

STRUCTURAL  WEIGHT  AND  EMPTY  WEIGHT  SUMMARY 

Vehicle 

ORLAN 
LUN 
Lockheed 
Northrop 
Douglas 
AEROCON 

A  major  design  requirement  for  huge  wingships  is  hurt  Are  large  diffemnces .between  projected  and 
achievable  weights,  both  structural  and  empty  weights,  must  be  completely  understood. 

3.1 .3.3  Preferred  Technologies 

For  the  400-ton.  1.000-,  2.300-  and  5.000-ton  wingship  alternatives. priorit) ' .“romT^road 
strength  lightweight  materials  and  structural  design  methods.  Large  wmgshrp  stnrcnnes  require  advanced 

aluminum,  titanium,  composites  materials  or  a  combination  of  them. 

Modem  composites  with  imbedded  boron  (expensive),  carbon,  graphite  and  Kevlar  fibers  have  J,8“fica“ 
we^hT  savinK  OveT conventional  aluminum  (about  25%  to  30%).  Cos.  increases  assoc, ated  unto 
££££££  dissipated  with  increased  emphasis  on  reducing 

commonality  and  structural  simplification.  Modem  composite  matrix  materials  such  as  thennoplas  . 
metals  and  polyimides  could  lead  to  even  lighter  wingship  structures. 

Substantial  analysis  and  testing  is  tequired  to  use  advanced  composites 

metals  the  strength  and  stiffness  of  advanced  composites  can  be  tailored  to  meet  load  requiremen 
Research  and  development  is  critical  to  prevent  problems  from  environmental  heat  and  mo, store,  fangu 
and  slamming  damage,  and  delammation  failure. 

Some  composites  am  poor  energy  absorbers,  therefore,  wingship  slamming  loads  and  their  effects  needs  to 
be  studied  thoroughly. 


w 

Structural  Weight 

Empty  Weight 

Tons 

Fraction  (%) 

Fraction  (%) 

110 

34 

50 

400 

34 

50 

681 

16 

26 

800 

32 

47 

1000 

12J5 

25 

5000 

20.7 

33.7 
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For  400-ton,  and  perhaps  the  1,000-ton,  wingships  a  primary  aluminum  structure  may  be  the  optunum 
structure  with  secondary  structure  of  advanced  composites.  Most  likely,  the  2,300-ton  and  5,000-ton 
wingships  need  a  primary  structure  of  advanced  composites.  Some  factors  affecting  the  final  determination 
of  composite  laminates  are  mechanical  properties,  ease  of  manufacture,  heat  resistance,  cost,  delaminarion 
resistance,  fatigue  resistance,  and  toughness.  For  the  2,300  ton  and  5,000  ton  wingships  using  sandwic 
core  material  in  the  fuselage,  wings  and  appendages  may  be  the  best  option.  Sandwich  structures  gene  y 
have  high  stiffness  to  weight  ratios.  Two  of  die  best  cores  are  honeycomb  and  foam. 

3.1 .3.4  Deficiencies 

One  of  the  major  deficiencies  designing  the  400-,  1.000-,  2.300-  and  5,000-ton  wingships  is  a  complete 
understanding  of  hull  pressures  from  slamming  loads.  Water-based  aircraft  analytical  methods  and  data 
may  provide  a  point  of  departure.  However,  as  wingship  size  increases,  it  becomes  more  important  to 
know  and  understand  these  pressures  with  great  precision.  Von  Karman  and  Wagner  have  tested  aircraft 
slam  pressures.  Generally,  they  found  that  the  pressure  varies' with  forward  speed,  trim  angle  and  deadnse 
angle  of  the  craft  Although  these  empirical  equations  are  sufficient  for  smaller  craft,  the  equations  may  be 
too  simplistic  and  entirely  inaccurate  for  large  WIGs.  For  example,  in  ship  structures  the  relative  stiffness 
of  the  impacted  panel  is  essential  to  calculate  slam  pressures.  None  of  these  simplistic  approaches  considers 
vehicle  stiffness  among  other  factors.  Generally,  if  the  natural  frequency  of  the  panel  and  the  frequency  of 
the  slam  loads  are  similar,  the  impact  pressures  and  response  are  greater. 

Developing  the  optimum  composite  materials  with  added  materials  such  as  boron  involves  an  advancement 
on  the  state  of  the  art  with  these  materials.  The  overall  cost  of  the  wingship  structure  is  highly  dependent  on 
the  manufacturing  process  used  for  the  composites  structures. 

The  U.S.  Navy  has  used  the  Resin  Transfer  Molding  (RTM)  process  to  manufacture  high  quality,  low  cost 
composite  ship  hulls  and  secondary  structures.  The  composite  wingship  components  have  different  fatigue 
and  fracture  characteristics  than  conventional  metal  structures  and  this  needs  to  be  studied.  e 
environmental  effects  on  the  material  would  require  development  The  normal  WIG  operating  loads 
requires  model  testing  and  analysis.  For  instance,  in  the  normal  operating  model  how  often  would  the 
wingship  strike  a  wave  and  what  would  be  the  magnitude  of  these  loads?  For  the  5,000-ton  wingship  the 
clamming  and  operating  loads  require  far  more  testing  than  for  smaller  wingships. 

See  discussion  of  "Risk  Areas"  under  the  1,000  ton  Douglas  wingship  design  summary  in  Section  xxx 


3.1. 3.5  Development  Required 

The  tasks  outlined  below  apply  to  large  Wingships  in  the  400-ton  through  5,000-ton  categories. 

1.  Review  past  designs  for  structural  characteristics 

2.  Materials  assessment 

3.  Experimental  and  analytical  determination  of  operating  and  slam  loads  (See  below  for  detailed 
recommendations.) 

4.  Preliminary  structural  design 

5.  Build  coarse  element  Finite  Bement  Model  (FEM)  of  craft  and  conduct  FEM  analysis  for 
operating  and  slam  loads.  Provide  inputs  to  wingship  designs 


W1HGSHIP  TECHNOLOGY  ROADMAP _ Import™.  T.Cnolog.os  -  Structure. 

6.  Design  and  build  scale  models  of  operating  craft  and  peifonn  tests  at  sea  (measure  loads  and  slam 
pressures,  structural  response) 

7.  Design  and  build  component  models  of  craft  (panels,  wing,  fuselage)  and  perform  static,  fatigue, 
fracture,  and  tests 

8.  Design  and  build  models  of  connections  (mechanical  fastening,  adhesive  bonding,  thermoplastic 
welding)  and  perform  fatigue  tests 

9.  Build  finer  mesh  finite  element  models  of  craft  components 

10.  Redesign  craft  structure  based  analysis  and  testing 


Create  a  program  in  the  structures  area  which  does  several  things. 

(A)  Identifies  the  needed  properties  of  the  composite,  including  honeycombs  and  coordinates  these  with  the 
materials  end  of  the  AIR  05  organization  in  NAVAIR.  Producibility  of  very  large  composite  parts,  typical 
of  big  wingships,  is  to  be  one  of  the  needs  to  be  fleshed  out 

(B)  A  computational  procedure  that  uses  finite  element  analysis  to  size  and  weigh  parts,  particularly 
composites,  and  links  this  information  to  producibility  decisions  is  vital  and  must  be  developed  since  no 
one  to  the  U.S.  has  build  a  large  wingship.  This  capability  will  be  needed  before  DemonstratiorVEvduation 
(6.3)  can  be  started  on  structures.  The  effort  will  be  to  demonstrate  that  large  parts  built  from  the 
CAD/CAM  finite  element/producibility  computational  capability  indeed  weight  what  has  been  predicted  and 
have  the  predicted  strength.  Having  done  this,  the  capability  may  be  considered  "validated"  and  ready  for 
engineering  development  application  on  a  full  scale  wingship. 

(Q  Build  and  destructively  test  large  composite  parts  of: 


Fuselage/hull  mid-section 


Wing  sections 
Carry-through  section 

(D)  Validate  computer  programs  from  above  tests 

Recommended  Experimental  Studies 
1.  Overview  Tests: 

Construct  a  scaled  dynamic  model  of  the  Russian  LUN  or  new  400-ton  wingship  design  with  the  capability 
of  adjusting  the  wing's  vertical  location,  incidence  and  aspect  ratio.  Provide  a  retractable  hydroski  attached  to 
the  hull;  install  a  PAR  system  which  can  be  deactivated;  and  install  wing  flaps  with  adjustable  deflection 

angles. 

Select  a  model  size,  loading  and  test  conditions  which  will  enable  test  results  to  be  scaled  to  wingship  sizes 
up  to  5,000  tons. 

Conduct  takeoff  tests  in  various  irregular  seastates  for  parametric  variations  in  wing  geometry,  vertical 
location  and  flap  deflection  angles.  Test  with  and  without  the  PAR  system,  and  with  and  without  e 

hydroski  attached. 
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Conduct  landing  tests  in  irregular  seas  for  the  same  parametric  variations  as  in  the  takeoff  tests. 

Conduct  sea-sitting  tests  to  establish  motion  characteristics  of  the  400-ton  wingship  design. 

Conduct  all  tests  for  a  range  of  constant  speeds  and  some  at  constant  thrust  (free-to-surge)  and  measure  the 
following  quantities: 

(a)  Drag  (average) 

(b)  PAR  thrust 

(c)  Hull  trim  and  heave  time  histories 

(d)  Impact  accelerations  at  CG,  bow,  and  stem 

(e)  Impact  pressures  and  bottom  loads  as  a  function  of  unsupported  panel  area 
(0  Hydrodynamic  loads  on  flap 

(g)  Spray  envelope 

(i)  Wave  spectrum  Motions  at  zero  and  low  speed  comparable  to  a  loiter  mode. 

(j)  Provide  TV  coverage  from  several  angles 

(k)  Other  miscellaneous  measurements 

In  these  initial  tests  the  model  will  be  constructed  to  provide  rigid  body  measurements.  These  can  be  used 
as  inputs  to  an  analytical  hydro-elastic  study  of  the  loads  on  the  full  scale  vehicle. 

This  series  of  "overview"  tests  will  also  provide  the  guidance  to  develop  suitable  elemental  studies  of 
separate  vehicle  components  to  understand  better  the  processes  involved  in  generating  hydrodynamic  loads. 

2.  Tests  of  End  Plates: 

Mount  the  end  plates  on  a  separate  dynamometer  and  measure  the  drag  and  side  force  as  a  function  of 
speed,  yaw  angle  and  immersion  depth.  (Tests  described  by  Barkley,  Reference  12.) 

3.  Effect  of  Hull  Geometry  on  Impact  Loads: 

Conduct  landing  impact  tests  on  various  hull  geometries  (including  double  chine  hull  form)  to  identify  hull 
shapes  which  reduce  impact  loads  and  are  still  functional  The  objective  is  to  develop  a  hull  form  which 
may  replace  the  heavy  retractable  hydroski.  This  is  an  elemental  study  using  the  hull  alone  as  the  test  model 
and  should  be  integrated  with  mission-oriented  design  study. 

4.  Influence  of  Ground  Effect  on  Impact  Loads: 

Conduct  hull  impact  tests  with  and  without  simulated  ground  effect  to  evaluate  the  significance  of  this  effect 
on  the  impact  process. 

5.  The  results  from  all  these  tests  will  be  compared  with  seaplane  predictive  procedures  to  define  the  extent 
of  application  of  these  methods  to  wingships. 

Recommended  Analytical  Studies 

An  analytical  wingship  behavior  model  in  irregular  waves  is  a  complex  problem.  It  must  represent  different 
types  of  fluid  phenomena  including  aerodynamic,  hydrodynamic,  hydrostatic,  impact  and  time  dependent 
coefficients  which  become  discontinuous  when  the  vehicle  flies  off  a  wave  crest  to  impact  against  the 
oncoming  wave  trough.  In  addition,  the  wave  profile  is  constantly  changing.  Several  attempts  have  been 
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made  to  develop  a  seaplane  program  with  varying  degrees  of  success.  The  Beriev  Design  Bureau  in  Russia 
stated  they  are  in  the  process  of  developing  such  a  program- 

and  results  can  be  applied  to  a  wingsbip  landing  simulator  when  aerodynamics  and  ground  effect  ar 
to^d^mZ-baaed  analytical  models  need  to  be  developed,  venfled  and  made  avaUable  to  the 

wingship  design  community. 

3.1 .3.6  Cost  And  Sched  ule 

400-ton  wingship  Tasks  1-10  above ,  experimental  and  analytical  studies 
3  years  at  $16  million/year 
Total  $48  million 


1,000-ton  wingship  Tasks  MO  above 
5  years  at  $18  million/year 
Total  $144  million 

2,300-ton  wingship  Tasks  1-10  above 
8  years  at  $1 8  million/year 
Total  $144  million 


5,000-ton  wingship  Tasks  1-10  above 
10  years  at  $20  million/year 
Total  $200  million 
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3.2.1  Sensors  and  Navigation 

Sensors  and  navigation  systems  for  wingships  will  be  unique  combinations  of  existing  sensor  types.  Some 
development  may  be  required  to  support  the  design  of  the  wingship,  but  these  technologies  do  not  have 
much  potential  to  improve  the  overall  vehicle  performance. 

3.2.1 .1  Requirements 

Two  factors  drive  the  wingship's  requirement  for  special  sensors.  These  are  its  proximity  to  the  water  in 
cruising  flight,  and  the  rough  and  unpredictable  nature  of  the  water's  surface.  We  treat  the  latter  at  some 
length,  then  discuss  flight  altitudes  and  finally  proceed  to  instrument  needs. 

Seastate 

The  configuration  of  the  ocean’s  surface  is  best  described  as  consisting  of  multiple  waves  having  a 
Gaussian  (normal)  distribution  of  amplitudes  and  also  a  related  frequency  spectrum.  The  distribution,  or 
probability  density  of  wave  heights,  H  (crest  to  trough),  is  given  by  the  Rayleigh  function  p(H)  -  2H/E 
xexp{-H2/E},  where  E  is  related  to  the  total  energy  in  the  waves.  The  integral  over  H  from  0  to  infinity  is 
unity.  The  wave  spectrum  depends  upon  the  frequency  spectrum  amplitude  A(a)  through  E,  which  is  the 
integral  over  all  frequencies  of  the  square  of  A 


Figure  3-19  -  Frequency  spectrum  and  Integral  (Reference  A.1) 
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Figure  3-19  (Reference  A.l)  shows  a  frequency  spectrum  and  its  integral.  The  spectrum depends 
windspeed,  duration  of  time  that  the  wind  has  blown,  and  fetch,  i.e.,  the  distance  over  which  the  win  . 
A  fully  aroused  sea  is  in  equilibrium  with  the  steady  wind,  not  limited  by  fetch  or  duration.  (Th 
mathematical  material  is  taken  from  Reference  A.1  and  the  more  appUed  material  from  Reference  A.2. 
Reference  A.2  is  universally  known  as  Bowditch.  It  was  first  published  in  1802.)  Given  wind  speed,  fetch, 
and  duration  and  the  frequency  spectmm  has  nearly  zero  amplitude  below  a  critical  te^ncy, 
a  radians/sec.  That  is.  only  <T>  ac  contribute  to  the  energy  in  the  waves.  With  greater  wind  speed,  fetch 
or  duration.  Amplitude  (A(  a)  )gets  larger  and  moves  to  lower  frequencies.  Let  U  denote  windspeed  in 
knots.  Then  the  frequency  of  maximum  spectral  amplitude  is  =  2.48/C/,  about  twice  the  cn  c 

frequency;  the  amplitude  A  scales  as  with  n  between  2  and  2.5  depending  upon  which  theory  and  data 
are  used. 

Figure  3-20,  from  (Reference  A.1),  shows  the  quantity  E(f).  which  is  the  integral  of  the  squared  amplitude 
of  the  frequency  spectrum  from  a(=2*f)  to  infinity.  The  quantity  E  is  related  to  energy  and  E/2  equals  the 
variance  of  the  Gaussian  distribution  of  amplitudes,  and  in  this  formulation  scales  as  C/5 .  The  other  lines  on 
Figure  3-20  are  the  fetch  and  wind  duration  limits  to  Ef 

Various  statistical  measures  of  Hare  used;  e.g. ,  the  significant  waveheight  is  the  average  of  the  highest  one- 
third  ofthe  waves  and  is  denoted  H1/3  =  2.83x£0-5.  similarly  Hul0  is  the  average  of  the  highest  one-tenth 
ofthe  waves.  Hie  significant  wave  height  of  a  fully  aroused  sea  varies  with  H"  where  «  is  between  2  and 
2.5.  Using  the  numerical  values  in  Figure  3-20  we  find  that  Hj/g  =  4.4  x  10-3  u  . 

Wavelength  and  speed  in  deep  water  relate  to  frequency  approximately  as  follows. 

5 [knots]  =  3.03  xT=  3.03 If , 

where  T  =  l/f  is  the  wave  period  in  seconds,  and  wavelength,  L,  is  given  by 
Lffeet]  =  5.12  x  T2. 

Thus  5  =  1.339  L0J. 

(Hence  hull  speed  of  a  ship  is  proportional  to  the  square  root  of  boat  length,  obtained  by  setting  lengdi 
proportional  to  the  wavelength  ofthe  wake.)  We  can  also  calculate  the  wavelength  associated  with  W  *s 
r  =  0.835  U2.  As  examples  see  Table  3-4.  However,  this  wavelength  is  not  strictly  associated  with  the 
highest  waves.  All  of  these  descriptions  are  statistical.  An  additional  rale  of  thumb  is  that  breaking  of  crests 
limits  the  ratio  of  wave  height/length  to  less  than  1/7. 


Table  3-4  -  Some  parameters  versus  windspeed. 


Table  3-5  -  Relationship  of  different  wave  heights. 


Table  3-6  —  Relationship  of  Wind  to  Seastate  and  H1/3. 

The  formalism  outlined  above  leads  to  relationships^^  BowUtch,  p  827 

P  between  —  average, 

both  define  requirements  for  detecting  seastate  and  the  performance  by  wmg  P  • 
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figure  3-20  -  Example  of  combined  duration  and  fetch  graph  for  co-cumula.lve  apeofra. 
(Reference  A.1)  The  vertical  scale  has  units  of  ft2. 


Cruising  Altitude 

^aa^tsaajisas! 

Design  Bureau  (TsAGI)  as 


h  =  H3%/2  +  0.1  c 

where  Hvr  =  1.54  Hyx.  and  c  is  the  wing  chord,  which  is  about  40  feet  for  LUN.  Wave  height  is 
measuredtrough  »  credence  *  must  he  measured  a*ve  foe  me^  surf**.  and  foe  fotmul, * 
clearance  of  4  ft  alxjve  the  crests  of  the  3%  highest  waves.  In  Seastate  5  with  Hm  -  13  ft  (  >. 

and  the  clearance  becomes  1.4  ft  above  the  0.1%  highest  waves  whose  crests  are  05  ft  above  the  mean. 
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In  the  case  of  waves  with  L  » length  of  the  wingship,  the  aircraft  could  fly  up  and  down  the  wave  slopes. 
Thus  the  meaning  of  cruising  height  depends  somewhat  upon  the  selected  control  algorithm  and  how  it 

adapts  to  seastate. 

Instrument  Needs 

Table  3-7  lists  the  types  of  measurements,  and  identifies  those  that  are  unique  to  the  wingship.  We  do  not 
list  all  engine  instruments  (e.g.  torque,  ipm,  TIT,  oil  pressure)  or  system  instruments  (e.g.,  hydraulic 
pressure,  generator  output,  fiiel  quantity)  not  unique  to  wingships.  Wingships  have  the  same  requirements 
as  other  aircraft  operating  at  low  altitudes  plus  the  special  needs  for  accurate  height  and  attitude 
measurements  with  respect  to  the  water  surface.  We  must  decide  whether  wingships  will  fly  IFR;  assume 
for  now  that  they  must  The  maximum  seastate  (roughness)  is  also  not  settled;  we  are  assuming  State  5. 

From  consideration  of  the  above  we  conclude  that  three  unique  measurements  are  needed: 

1.  Attitude 

Highly  accurate  attitude; 

2.  Altitude/Height  and  Seastate 

Highly  accurate  height  above  the  surface,  with  the  closely  related  measurement  of  seastate; 

3.  Engine  Salt 

Measurement  of  salt  deposited  in  the  engines. 

Some  additional  considerations  are: 

In  arctic  waters  sea  spray  can  freeze  to  the  aircraft  structure  when  the  air  is  cold  enough.  This  would 
drastically  affect  the  airflow  and  weight,  and  would  be  a  particular  problem  for  exposed  sensors  such  as 
pilot/static  orifices,  angle  of  attack  vanes  and  etc.  For  operation  at  high  latitudes  the  aircraft  must  carry 
heavy  de-icing  equipment 

Extra  control  surfaces  unique  to  wingships  and  any  rotatable  thrust  line  of  PAR  engines  requires 
mechanical  position  indicators,  but  these  are  not  any  special  new  type.  The  low  altitude  prevents  effective 
use  of  VHF  navigation  signals,  but  these  are  not  usable  at  sea  even  at  high  altitudes.  A  combination  of 
inertial  navigation  and  GPS  will  meet  navigational  needs  as  it  does  for  current  transport  aircraft.  Similarly 
GPS  is  now  usable  for  terminal  navigation.  Communication  must  comprise  a  combination  of  high 
frequency  (HF)  and  satellite  link.  The  practices  of  surface  ships  should  suffice. 
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Measurement 

PRIMARY  FLIGHT 
Speed 
Air 

Water — - — ~ 

Altitude/height - 

Heading 

FUGHT  CONTROL 
Attitude 
Rate  of  turn 
Rate  of  climb 
Acceleration 

Hull  draft 
ENGINES 

Engine  performance 
Water/salt  ingestion 
NAVIGATION 
Position 

Direction  to  way-points 
EXTERNAL  ENVIRONMENT 
Terraine 
Seastate 
Obstacles 
Water 

Temperature 
Depth 
Salinity 
Air 

Visibility 
Water  droplets 
Temperature 
Wind/turbulencc 
Icing 

Potential  from  air 
Actual  on  airframe/engine  inlets 
FORECASTS 
Weather 
Seastate 


Unique,  but  is  it  necessary? 
More  accurate  than  standard 


More  accurate  than  standard 
Low  rates 
Low  Rates 

Unique,  but  is  it  necessary? 
Include  strikes 
Possibly 


Limited  Line-of-sight: 

Hence  no  VHF;  use  GPS 
Unique:  most  critical  for  Wingship 


Unique,  but  is  it  necessary? 


Unique 


Table  3-7  -  Wingship  sensors  and  uniqueness. 

The  next  sections  list  each  measurement  identified  as  unique,  and  summarize  the  requirements.  Section 
£  “ ™  ££ on.  fcr  each  measure*  Mr  present  aacs  and  deSc,enc,=s. 
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Height  above  the  sea  is  the  most  critical  measurement.  We  assume  that  the  wingship  span  is  -150  ft  and 
thath  flies  accenting  to  the  fotmulation  described  above,  Tile  craft  mua  operate  from  calm  to  Seastates  4  to 
5  with  significant  waveheights,  Hj/3  as  follows: 

Seastate4  1.5-2.5  m 

Seastate  5  2.5-4.0  m 

The  criterion  gives  clearance  of  4  ft  above  the  H3%  wave  crest  Note  from  Table  3-5  the  relationship  of 
Hm  to  maximum  height  The  operating  height  will  range  4  to  14  ft  above  the  mean,  and  a  resolution  of  at 
least  1  ft  is  needed.  Pilot  or  autopilot  response  drives  the  sampling  interval;  we  estimate  0.02  sec  is  needed. 

If  the  wingship  leaves  ground  effect  it  may  fly  to  a  few  thousand  feet  An  ordinary  aircraft  altimeter  will 
suffice  in  this  condition. 

Attitude 

Attitude  is  closely  connected  with  height  as  it  is  necessary  to  avoid  catching  a  wing  dunng  a  tumand 
because  both  the  attitude  and  height  sensors  couple  to  the  autopilot  As  an  example,  a  Lockheed  wmgslup 
design  is  expected  to  survive  if  an  endplate  dug  into  water  1.5  ft  but  4  ft  would  destroy  it  At  a  ^  °f  4 
.  ft  above  a  maximum  wave,  a  roll  of  3*  puts  the  wingtip  into  water,  and  this  determines  roU  resoluhon, 
i  which  we  set  at  10%  of  this  minimum  amount  or  0.3\  Lower  altitudes  require  closer  control  of  roll. 

'  Control  of  pitch  may  not  be  so  critical,  but  the  same  precision  and  sampling  rate  are  needed. 

Seastate 

Safe  operation  requires  determination  of  the  seastate  under  the  aircraft  to  serve  as  a  predictor  of  stateatead. 
Continuous  measurement  of  height  above  the  water  with  resolution  of  1  ft  allows  determinanon  fro 
second  moment  of  the  variation  while  the  first  moment  provides  height  above  mean  water.  A  cruising 
speed  of  200  kt  =  338  ft/sec.  A  sampling  rate  of  50/sec  measures  all  but  the  shortest  waves;  averaging  mus 
be  done  over  several  seconds  to  encompass  the  longer  wavelengths.  The  state  will  not  c  ange 
discontinuously  in  the  open  ocean,  so  measurement  over  the  last  10  miles  of  track  provides  the  expecranon 
for  the  next  10  miles.  An  exception  is  near  the  coast  or  in  crossing  the  boundary  between  ocean  currents. 

When  such  measurements  are  combined  with  forecast  winds  and  seas,  the  statistically  expected  operating 
conditions  can  be  predicted  some  minutes  ahead. 

Obstacles 

To  determine  how  far  ahead  obstacles  must  be  detected,  consider  that  the  wingship  can  climb  lOft/sec  after 
a  delay  of  ~5  sec  between  sensing  and  climbing.  Thus  climbing  to  climb  50  ft  to  clear  a  sm  o  s  c  e 
requires  10  sec  total  during  which  the  craft  will  move  3,380  feet  at  200  kt  Climbing  to  200  ft  over  a  large 
ship  or  island  will  require  25  sec  corresponding  to  8,440  feet  Distance  to  the  horizon  also  imposes  a 
constraint  At  6.5  ft  above  the  sea  the  horizon  is  -16,000  feet  distant  at  20  ft  it  is  29,000  ft 

Potential  obstacles  needing  detection  include:  extra  high  waves  (0.1%  waves  in  Seastate  5,  and  “rogue 
waves"  completely  outside  the  statistical  distribution);  stationary  obstacles  such  as  islands  and  reefs. 
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moving  obstacles  such  as  icebergs,  seabirds  and  other  nrnral  ££ 

objects;  and  intetmittent  oostades  such  as  bteachtng  w  es.  .  g  substantial  distance 

objects  can  be  detected  by  standard  radar  techniques.  Small® g  Detecuon  of 

abive  the  mean  sea  surface,  am  much  hauler  <c Z  ul  an  Emergency 
reefs  might  be  important  if  the  mef  produces  ^  **f  *  A  beaching  whale  can  enter  the  flight 

water  landing.  Intetmittent  obstacles  are  a  more  t  Py,mni,,aninner  dolphins  can  jump  20  ft  out  of 

path  of  the  wingship  on  time  scales  of  a  few  secon  s.  or  ex  ’  completeiy  0ut  of  the  water,  not 

the  water.  Humpback  whales  (typical  length,  RCT^!^A  3)  The  sizes  and  altitudes  of  the  cetaceans 
necessarily  vertically,  to  heights  of  20  ftormom  <*****£?> near  for  response, 
would  enable  detecUou.  but  wingship  operauon  com  be  veIy  srfong  to 

caa 

Sait  ingestion  fry  Engines 

detectors  could  be  read  out  after  flight 
Forecast  Seastate 

Both  military  and  commetcial  otganizations  provide  forecast  seastates  together  with  weather  predictions. 
No  special  equipment  is  needed  to  receive  the  enhanced  predictions. 

3.2.1 .3  State  of  the  Art  and  Technical  Deficiencies 
Attitude 

we  have  examined  inertial  seusots,  differential  GPS.  differential  althnetem.  and  electric  field  semors.  A 
general  reference  is  Reference  B.  1 . 

Inertial 

There  are  many  types  of  inertial  sensors.  These  can  be  categorized facceteration> 10  posM00- 
integration,  angular  rate  measurements  can  be  convened  to  amrndn ^  ^  ^ 
Rate  sensors,  in  general,  have  an  internally  set  aero  and  need  no 

S--“="rS  - — ■  - 

exception  -  it  finds  true  north  by  sensing  the  direcnon  of  the  earth  s  rotadon  axis. 

The  mechanical  spinning  gyro  has  a  long  histoty 

srri  z 7^zzy 

installed  in  a  Honeywell  F3  system,  (Reference  B.2) 
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Property 

Value 

Max  Input  Rate 

15*/sec 

Bias  Stabilty 

27hr 

Scale  Factor  Error 

500  ppm 

Random 

0.05‘yhr0-5 

Bandwidth 

500  Hz 

Resolution 

1  arc  sec 

Axis  Alignment 

300|irad 

MTBF 

250  Khrs 

Operating  Life  _ _ 

•>  lOOKhrs  __ 

Table  3-8  -  Honeywell  AHRS  Fiber  Optic  Gyro 

Optical  sensors  very  md^rfeto^Lric.  Drift  rate  of 

r“Srr‘“geP  JZ  r m 

(Reference  B.3).  fire*  <**cts  ®  [^^0  *  JM  for  inertial  navigate.  Table  3-9  ia 

ssarsss rst  t— 

"re  is  suitable  for  atedc  and  beartmg  corerol. 


♦Assumed  error  budget 
Table  3-9  —  Ring  Laser  Gyro  Performance 


Ring  Laser  Gyros  (RLG)  are  me  most  sreble  are,  accurate  *«-»■**  "“Co" 

navigation  in  conjunction  with  high  g^de^  C™^/with  a  QA2000  accelerometer  set  and  suitable 
with  performance  shown  m  Table  3  P  _  n  „™fhr  Reference  B.2.  Reference  B.4  reports 

systems  it  provides  stabilization  of  aircraft  or  subsystems  (e.g..  SAR  or 

sho^  in  Table  3-9.  Predictions  indicate  mat  mis  sensor  would  nave 
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MTBF  >  100.000  te.  Whatever  the  correct  number,  we  can  suppose  that  It  is  greater  than  many 
parts.  ....  o  f 

—  wi"sL7-ive FOG  as  a 

backup  and  A  HRS. 

piff^ntial  ^  nr_3  bv  Graas  and  Braasch  [1991]  at  Ohio 

This  technique  was  demonstrated  with  muWplc  mi  ^  Sec)  range  while  flight 

r^rr^aSXSrASLng.antaM 

receivers  locked  on  three  or  more  GPS  satellites, 
pjffcrentjfll  A^metra  ' 

Differential  radar  altimetry  gives  the  antenna 

^"™ta"ure  nose  and  *  Suiiable  avenging  anti  ~ng  gives  boh. 

attitude  and  mean  height. 

Electric  field  sensors  were  developed  by  M^nanlffll  at Joto vertical  dong  the  flight 
Laboratory  (Reference  B.6)  and surface.  (IK  po«W  of 
path.  The  fair  weather  field  is  indeed  about300  is  maintai^  by  thunderstorms.)  According  to  discussions 
several  100  kV  between  ionosphere  and  earth  is  ^  terrain_  Hill  thinks  this  is  a  good 

with  Hifl  and  others,  the  field  is  manned  vehicles.  According  to  Professor  Robert 

re^u"^ 

Altitude  „  s  h  a  standard  sensitive  (Kollsman) 

adequate  for  control  in  ground  effect 

i  „  »h/>  epa  We  considered  visible  and  lntra 

A  radar  or  Udar  altimeter  is  needed  for  absohile  « ‘ c°^JS0IpU0n.  These  suffer  from  interference  by 

rad  OR)  sensora  in  the  10  pm  band.  •  2  warer  surface.  More  invesdgahon  of 

sunlight,  scattering  and  absorpoon  m  fog.  and  poor  reflecdon  trom 

these  techniques  may  be  in  order. 

-  a  o  a  a  GHz  ranee  (7  cm)  and  produces  a  broad  beam, 

A  standard  aircraft  radar  altimeter  operates  in  the  .  -  •  .  including  Texas  Instruments,  Collins 

up  ,0  90-  depending  on  the  antennm  ft«*  *  ^"n  of  a  few  feet.  For  sample, 

and  Honeywell.  Height  ranges  ”=  zero  to  sev  resolmion  of  ±1  st  or  2%  of  indicated  altitude, 

the  Collins  LRA-900  measures  from  -20  to  +ouu 
whichever  is  greater.  It  is  certified  for  air  transport  use. 
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h  report  from  DTNSRDC  (Reference  CXa)  units 

TRT  AHV-6  modified  by  Sundstrand,  was  used  1  y.  Seastate  5,  icing  and  weapons 

were  operated  for  -4000  to  under  *  — “  repot,  itives  nutnetical 

firing  No  failures  occurred;  the  predicted  MTBF  for  these  units  is 

results  only  in  a  plot  resolution  and  noise  appear  to  be  < 

Detection 
finrinf  Anplp  Radar 

The  need  re  opemre  at «.  and/or  in  low  viribiU*  Zjor 

vapor  severely  limits  IR.  Radar  is  the  apparent  c  radar  return  and 

The  problem  detecting  objects  against  the  teckg^oui^  of  s^  ctutter  m 1  of  me  distribution 

decades  and  is  an  active  research  area  <Refe^  of  the  radar  system  and 

function  of  the  clutter  is  needed  m  order  to  predia  successfully  models  the  return  in  many  cases 

to  develop  accurate  a1^®  been  made  with  varying 

(References  C4.a.  C4.b  <£d  ^am(.K[5  of  me  distribution  are.  in  pan.  detennined  by  the 

polarization  from  -160  to  9000  MHz.  me  param  deoends  on  the  presence  of  whitecaps,  and 

Wtttae.  and  the  wind  speed  and  duration.  The  rada^duMr  down  or  ^ress 

whether  the  sea  is  rising,  fully  aroused  or  dying  ^  Jtations  At  low  incidence  angles,  such  as  the 


nPsl2Tl  IOi  oil  - *•  _ 

agili*.  Doppler  capabiUties.  polarization, ^ 

processing  algorithms,  the  ““  of  fra*1  using  onler  statistics  beyond  the  mean  and 

shows  promise  (References  C.6.a,  C.6.b)  ,  H5ctTihl1Hnn  function  is  necessary  to  control  the  false 

variance  (Referee  C5).Pmperchoi« has  successfully 

alarm  rate.  While  much  worit  has  been  directe  c  .  ,  ^  ^  may  hoid  promise  for 

identified  "sea  spikes'"  in  me  return  with  breaking  waves  (Reference  C3.a).  This  may 

identifying  very  large  waves. 

Millimstfin  Waves 

Substantial  effort  has  been  directed  towards  using  ofthe  aircraft 

cases  a  radar  worics  with  a  digitally  stored  topography mmp. -  The  ^  not  rclevant  at  sea. 

over  the  land  and  the  system  provides  visual  inputs  to  coramunications  Zelenka 

However,  the  radar  portion  of  such  a  system  may  •  developed  a  system  for 

(NASA/Ames)  and  J.  Hagar  *  "arrow  beam  (~3‘) 

helicopter  terrain  avoidance  starting  wi  *  ^  scan  forward.  The  antenna  scans  and  is 

with  a  small  antenna  they  multiply  this  up  to  35  GHz  (Ka  measured  aircraft  altitude  and 

controlled  to  mahe  the  beam  clear  to  about  3,100  ft.  A  design 

attitude.  Using  30  mW  the  system  detects  small  obstacles  including 
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using  250  mW  is  expected  to  operate  to  10,000  ft  range.  The  lower  power  unit  was  tested  on  a  Bell  Jet 
Ranger  and  a  Cessna  Sky  master.  In  these  tests  the  standard  4.3  GHz  altimeter  measured  height  The  system 
worked  well.  However,  it  has  not  been  used  over  water,  and  no  systematic  study  of  reflection  from  rough 
water  at  this  frequency  is  available,  at  least  not  associated  with  this  study  by  Honeywell.  Millimeter  waves 
reflect  specularly  off  smooth  water  hence  some  work  on  the  radar  cross  section  of  small  scale  roughness  is 
required. 

For  wingships  it  may  be  possible  to  use  35  GHz  for  both  the  forward  scanner  and  the  downward  looking 
radar  altimeter  to  provide  a  narrow  beam  that  will  follow  wave  surfaces.  By  suitable  processing  the  mean 
height  and  variance  are  measured.  Antennas  at  each  wingtip,  nose  and  tail  sense  attitude  from  differential 
height  The  forward  scanning  radar  at  35  GHz  would  detect  obstacles  with  a  250  mW  transmitter. 

Salt  Detector 

A  capacitive  microbalance  can  detect  very  small  amounts  of  deposited  material.  Quartz  crystal 
microbalances  detect  microns  of  deposited  material  in  space;  this  is  greater  sensitivity  than  needed  for 
wingship  engines.  It  should  be  possible  to  design  such  a  detector  to  mount  at  critical  points  in  an  engine. 
Measurements  in  the  hot  section  will,  however,  pose  special  problems. 

Alternatively,  salt  might  be  inferred  by  monitoring  engine  performance.  As  a  practical  matter  degraded 
performance  (thrush  fuel  consumption  and  etc.  would  indicate  that  washing  is  needed.  During  development 
internal  monitors  could  check  the  correlation  of  salt  and  performance. 

3.2.1 .4  Development  Required 

Flight  Control 

Most  sensors  performing  critical  and  unique  wingship  functions  can  be  drawn  from  existing  aircraft 
instrumentation.  Present  RLG  inertial  sensors,  especially  when  matched  with  GPS,  are  adequate  for 
navigation  and  to  control  the  craft  The  inertial  systems  must  be  aligned  before  flight  as  usual.  Because  of 
the  critical  proximity  of  the  water,  continual  radar  altimetry  is  needed,  and  we  believe  that  continual 
updating/realignment  of  the  attitude  system  should  be  provided  by  means  of  multiple  radar  altimeters.  A 
decision  is  need  as  to  the  use  of  conventional  ~4  GHz  altimeters,  or  to  go  to  the  narrow  beam  ~35  GHz. 
While  differential  GPS  offers  a  possible  alternate  reference  to  align  the  attitude  control  system,  in  our  view 
direct  reference  to  the  water  is  safest  and  exploits  the  necessary  height  measurement 

The  principal  development  therefore  consists  of  control  system  specification  and  creation  of  suitable  control 
algorithms.  The  system  links  attitude  and  height  sensors  with  the  autopilot  and  suitable  cockpit  displays.  It 
also  affords  navigation  information,  but  this  is  not  unique  to  wingships.  In  concert  with 
definition/simulation  of  wingship  flight  dynamics  development  must  take  account  of  the  nature  of  the  sea 
surface.  Steps  include  selection  of  sensors,  selection  of  data  bus  and  a  flexible  computer,  and  then  the 
creation  of  software  to  be  modified  as  calculation  and  simulation  proceed.  This  would  continue  in  concert 
with  flight  simulation. 

Obstacle  Avoidance 

In  this  case  an  adequate  sensor  is  not  evident  While  some  form  of  radar  is  undoubtedly  needed, 
development  is  needed  to  assure  detection  of  small  objects  and  especially  high  waves  in  the  presence  of  sea 
clutter.  Probably  little  hardware  needs  development  although  experiments  with  prototype  and  new  systems. 
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e.g. ,  millimeter  radar,  is  needed.  The  choice  of  cruising  height  and  maximum  operating  seastate  affects 
level  of  concern  about  high  and  rogue  waves. 

.  ._  nf  th-  vast  literature  on  sea  clutter  and  target 
In  our  view  the  necessary  development  steps  are:  analy  rough  water  ^  ^e  millimeter 

detection  including  any  results  with  millimeter  ^  effective  range  versus  power  would 

wav.  radar  such  as  built  by  Httoyvrdf  from. fixed  to  or**** 

aacsrsns sssr— — 

system, 
gait  Detector 

Salt  detection  must  be  coordinated  with  the  engine 

ssss — ta  - 

engine. 

Forecasts 

No  development  needed. 

3.2.1 .5  Cost  and  Schedule 

Flight  Controls 
First  yean 


algorithms  to  work  with  the  rest  of  the  aircraft 


Cost:  $180  K 

Second  year.  Full  time  engineer  working  with  flight  simulation. 
Cost:  $180  K 

No  hardware  costs  are  included  in  this  estimate. 

Obstacle  Defection 

Ky 


Hrst  year.  Radar  signal  anaiys.  w„*s  half  toe  to  loo*  a.  cutrent  »  of  Infonoadon  on  aea 
.  clutter. 

r 


Cost:  $100  K 

In  parallel,  test  millimeter  radar  over  rough  water.  Tltis  could  be  done  from  a  platform. 
Cost:  $400  K 

second  year  Select/tuild  a  ptototype  systetn  and  tnahe  nteasutenten*  over  actual  sea  front  a  pUtfonn 
_ 1 


Important  Technologies .  Sensors  and  Navigation, 


WtNGSHIP  TECHNOLOGY  ROADMAP 


Cost:  $500  K 


Tlunl  year  Integrate  with  flight  control  system 
Cost:  $100  K 


and  test  with  flight  simulation. 


““  Review  avaUabteiniciobalances  or  other  possMeinfl^entalipn.  Examine  possibility  of 

Cost:  $40  K 

Second  year  Build/purchase  a  prototype  sensor  and  test 

Cost:  $100  K 


3-86 


WINGSHIP  TECHNOLOGY  ROADMAP 


Important  Technologies  -  Actuators 


3.2.2  Actuators 

This  roadmap  for  actuators  includes  technologies  required  for  wing  flaps  on  wingshjps  using  a  power 
augmented  ram  (PAR)  system.  The  examined  wingship  sizes  range  from  150  tons  to 
of  size  categories.  Specific  actuator  requirements  are  provided  for  wingships  of 400  tons.  1,000  tons.  2300 
tons,  and  5.000  tons.  (Note:  tons  are  short  tons).  This  roadmap's  empirical  basis  is  limited  because  e 
largest  wingship  built  to  date  is  the  Caspian  Sea  Monster  with  a  full  load  weight  of  only  540  tons.  TTie 
ORLAN  and  LUN  wingships  were  about  150  tons  and  400  tons  respectively.  U3.  designs  range  from  681 
tons  to  5,000  tons.  These  consisted  of  the  Lockheed  1362,000-lb  Spanloader  ami  a  Douglas  Arrer^ 
2.000.000-lb  WIG-S  -  both  designed  under  Advanced  Naval  Vehicle  Concepts  Eviration  (ANVCE) 
program,  a  recent  Northrop  M1.6  wingship  (1,600,000  lb),  and  the  AEROCON  10.000,000  lb  wingship. 

Although  this  roadmap  is  principally  concerned  with  actuators,  it  is  dear  from  topic  resemch  that  the  entire 
control/power  system  should  be  considered  for  actuation  of  flaps,  ailerons,  elevators,  rudderand  nozzles-  It 
is  trident  that  the  “aircraft  world”  is  leaning  and  heading  toward 

(FBL/PBW)  systems  in  21st  Century  aircraft  Reference  is  made  to  the  USAF/Navy/NASA  More 
Electric  Aircraft”  program. 


3.2.2.1  Requirements 

Large  wingships  require  actuators  in  locations  such  as  ailerons,  elevators,  rudder  and  nozzles.  Actuators 
may  become  an  integral  part  of  “intelligent  structures”  to  modify  structural  elements  and  thereby  minimize 
effects  of  high  load  conditions.  However,  horsepower  requirements  will  be  dominated  by  wing  flap 
requirements.  THerefore,  information  in  Table  I  is  restricted  to  this  application.  Hap  actuator  requirements 
an-  based  on  PAR  takeoff  assistance.  PAR  has  considerable  impact  on  loads  imposed  on  wingship  flaps 
firing  tainmff,  dqimriing  on  wingship  speed  and  flap  defection  angle  schedule. 


Table  3-10  •  Flap  Actuator  Requirements 

* 

Size  Category:  400  Tons  (based  on  LUN) 

Max.  output  force  (lbs) 

46.000 

Max.  output  fink  speed  (in/sec) 

13 

Horsepower 

11 

Link  stroke  (in) 

43 

Size  Category:  1,000  tons 

Max.  output  force  (lbs) 

77.000 

Max.  output  link  speed  (in/sec) 

23 

Horsepower 

26 

Link  stroke  (in) 

8 

Size  Category:  2.300  tons 

Max.  output  force  (lbs) 

95,000 

Max.  output  link  speed  (in/sec) 

3 

Horsepower 

50 

Link  stroke  (in) 

9 

Size  Category:  5.000  tons 
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Max.  output  force  (lbs) 

Max.  output  link  speed  (in/sec) 

Horsepower 
Link  stroke  On) 

3  2.2.2  State  Of  The  Art 

Actuator  problems  on  existing  large  wingships  and  projected  designs  summanes  follow. 

longtaS  (elevator,  flap)  and  la^  *  spired  for  wingsMp  tom  in  the  takeoff 

■30'“+3°' ' 

The  flap  system,  designed  for  trim  «rvto 

wing  iuea).  A  high  degree  of  eon.pena.on  “  ^  ft™,  .10-  to  445'.  Ailerons  were 

"  generation  Soviet  wtagahip.  The  angle  deflecuona  a 

The  deflection  angle  of  nozzles  and  orifices  range  from  0  • 

Reference  1  pointa  at  that  with  high  M^.'lhe  firs, 

actuator  drives  and  hinge  momenta  «  L.revereible  booster  control  aa  Dluanared  m 

generafion  Soviet  wingahipa  control  l.„  Ugh  power  and  meeta  the  aervice  rehab, lay 

Figure  3-21.  Acconling  m  Referee 1. /to  Two  chamber  hydraulic  actuators  are  uaed 

requirements  that  are  so  important  for  >“^2“  ^  electrical  control  signal  inputs.  Since  as  a  rule 

as  control  surface  drives,  and  they  havemech  cal  hydralllic  actnatots  are  built-in. 

wtagship  control  installations  reqwre  considenble  length,  one 
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Control  vatv* 


//  '•'// 


Chamber  tor  transtoroncn 


Chamber  lor  transference 


Force  rod 


on  right 


Figure  3-21  -  Diagram  of  Non-reverslble  Booster  Configuration 

A  flap  T  k  .  ^er  W  »<*' *■»< ^ ~ te,ened'° 

protect  the  flap  against  shock  loading  from  waves. 

Takeoff  and  landing  devices  are  system  is  designed 

or  inside  the  fuselage. 

OrWonok  WinPfihlP  AOn1,n 

•  th  it  c  hv  its  designator  ORLAN  and  is  also  called  the  A.90.150 
The  ORLYONOK  (known  m  the  U.S.  by  its design  ^fcrenccs  2  and  3: 

EKRANOPLAN)  has  the  following  pmwjrtjjnttmttcfc  accordmg 


Overall  length 

Wingspan 

Height 

Fuselage  length 
Wing  area 
Wing  chord 
Aspect  Ratio 
Horizontal  tail  span 
Horizontal  tail  area 
Weight,  normal  takeoff 
Weight,  overload  takeoff 


1903  ft;  58.0  m 
103.4  fU  313  m 
523  fU  16.0  m 
151  ft;  46.0  m 
3218  ft2;  299  m2 
313  ft;  93  m 
33 

853  fL  26m 
1300  ft2;  120.7  m2 
110  tons 
125  tons 
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- - built  ensbling 

=s='SSs^  ‘ ' *** 1 * 

^^hsssss^ssss^ 

away  from  sea  spray  as  feasible.  The  ^  ^  ^  boost  ^  ram-air  pressure  beneath  ^  g 

takeoff  the  jet  exhaust  streams  arc  < lueeted  to  provide  horizontal  thrust  accelerating 

On  changing  to  cruising  flight  the  nozdes  aroredwKtta  ^  ^  j*  units  are  located  on  the 

-  cnSg  speed*  ‘  «  to  minimize  aerodynamic 

fuselage  nose  allowing  the  intakes  to  uc 
resistance. 


1.|Wm/ConMl«*Ml 

t-***  ,  , 

3  .  Mam  «•*«  •*** 


17- O'*****1*0* 
t*- Stump  dw** 

S:2SSSS!35— 

22*R udd*"**** 


Figure  3-22  -  Overview  ol  OBLAH  Control  System 
^  0VOTiew  of  me  150-ton  ORL  AN 

..pneumatic”  (this  may  be  an  error  in  translanon).  ^  ^  duai  manual  controls  (control  in 

^ - ~  *vic“  ‘ 

clear,  and  may  be  a  poor  translation.] 
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t.npMcflora 
{•Pnwmale 
#.8tumpdwto 
4 >8mM»4I  ayalam  Woe* 

a .  Inrtalrfon  control  et  altmcna 


••Balms 

^.CuawlHsa«s«*y 

5:W=SSi-- 

14  •  8at  KMM2D 

U*8Nkt 


Figure  3-23  •  ORLAN  Flap  Central  System 

^mtll^fipwes  „*  fcstof  this  size  buBt  by  ^“^rc^t  «’« 

for  ORLAN* 


principal  Characteristics  of  LUN  are  as  follows:  .  '  ^ 

Total  full  load  weight 

242  ft;  73.8  m 

Unph-0V“an  144  ft;  44m 

Beam/Wingspan 

fi  ft  13.3  m  (est.  based  on  Aspect  R^tio  of  3  J) 

Wing  chord  *  for  LUN  alsS"  covers  both  flaps  and  ailerons.  The 

•me  flap  control  system  description,  in  Refercnce  MorLW  a  comrol  lever  for  flap 

system^shown  in  F.gerc  3-24  in  device,  flight  control  insuuments.  an 

Ute  two  -mode  hydraulic  actuator  driving  the  flap  has  the  following  dtaracterishcs: 

Maximum  output  force  for  flap  extension 

Maximum  output  Unk  speed  160  mm  (6.3  in) 

Input  link  stroke  400  mm  (15.7  in) 

Output  link  stroke 
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Working  pressure 


210  kg/cm2  (3.000  psi) 


,  the  drives  for  safety  of  flaps,  drives  and  structures 


Figure  3-24  -  LUN  Rap-Aileron  Control  System 
Two-mode  pneuma-hydraulic  dampers  are  built-in  to  i 

while  impacting  fltt  rou^v  sea  surface.  .  ^  Russians  during  the  WTET  meeting  with  CHDB 

A  typical  LUN  takeoff  flight  sequence  as  descnbed  by  th 
in  Nizhny  Novgorod,  per  Reference  4,  is: 

Sneed  Wing  Flap  PAR  Nozzle 

*£  Dd,K,ion 


o* 

o' 

20%  max 

0-10 

o* 

20* 

max 

10-30 

10* 

20* 

max 

3045 

20* 

max 

45-60 

60-100 

20' 

3/  . 

20’ 

max 

Note:  Cruise  speed  =  13  Takeoff  speed 


Ss-aj-s-Basss— ----- — 

aC= speed  range  despite  PAR  system  acnvanon. 
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The  hydraulic  actuator  on  LUN  outputs  about  40  hp,  which  is  relatively  large  compared  to  hydraulic 
actuators  used  on  even  large  aircraft  today.  However,  there  are  comparable  or  larger  actuators  in  terms  of 
horsepower  developed  for  the  Space  Shuttle  Launch  Vehicle,  and  development  continues  under  the  More 
Electric”  program  for  future  use. 

The  literature  on  the  Douglas  Aircraft  wingships  (Wig-0  and  Wig-S),  Lockheed-  Georgia  wingship, 
Northrop,  and  AEROCON  did  not  provide  any  actuator  requirement  information. 

Recent  Developments 

“More  Electric”  Program 

As  mentioned  in  the  actuator  introduction,  it  is  dear  from  researching  the  topic  of  actuators,  that  this 
wingship  technology  roadmap  should  consider  the  entire  control/power  system  for  actuation  of  flaps, 
ailerons,  elevators,  rudder  and  nozzles  in  a  total  systems  context.  It  is  evident  that  the  M aircraft  world  is 
leaning  and  heading  toward  “Fly-by-Light/Power-by-Wire”  (FBL/PBW)  systems  on  21st  Century  aircraft 
Therefore,  a  brief  description  of  the  USAF/Navy/NASA  “More  Electric  Aircraft”  program  follows. 

The  More  Electric  Aircraft  (MEA)  and  more  recently  the  More  Electric  Initiative  (MEI)  concepts  are  based 
on  utilizing  electric  power  to  drive  aircraft  subsystems  which  historically  arc  driven  by  a  combination  of 
hydraulic,  electric,  pneumatic  and  mechanical  power  transfer  systems.  Increasing  electric  power  use  (More 
Electric)  is  the  technological  opportunity  direction  for  aircraft  power  systems  based  on  rapidly  evolving 
advancements  in  power  electronics,  fault  tolerant  electrical  power  distribution  systems  and  electric  -dnven 
primary  flight  control  actuator  systems.  With  this  advancing  technology,  it  will  be  feasible  to  use  high 
power  density  electrical  power  components  to  drive  the  majority  of  aircraft  subsystems.  Each  power 
transfer  discipline  on  an  aircraft  requires  specialized  Aerospace  Ground  Equipment/Ground  Support 
Equipment  (AGE/GSE),  personnel  and  deployment  of  these  systems  and  support  personnel  to  the  theater 
of  operations.  Reducing  the  number  of  power  transfer  functions  in  turn  has  a  major  impact  on  the  types  and 
quantity  of  GSE  required.  Recent  studies  indicate  this  approach  offers  substantial  payoffs  in  reliability, 
ynaintainahnity,  survivability,  reduced  GSE,  much-lower  operations  and  support  (O&S)  costs,  less  impact 
on  the  environment  (elimination  of  hydraulic  fluid,  associated  solvents  and  monopropellant  hydrazine)  and 
improved  performance.  Recent  technology  advancements  make  this  approach  more  viable. 
Govemmentyindustry  planning  to  further  develop  and  transition  this  technology  is  underway. 

Power-Bv-Wire 

Interest  in  Po\ycr-By-Wire  (PBW)  actuation  systems  described  in  Reference  5  is  fueled  by  the  many 
advantages  offered  by  distributed  power  versus  traditional  aircraft  centralized  hydraulic  systems.  These 
advantages  indude: 

°  Increased  survivability 

°  Improved  aircraft  maintainability 

°  Reduced  ground  service  equipment  requirements 

°  Reduced  susceptibility  to  hydraulic  fluid  fires. 
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in  addition,  as  PBW  ^“^^'reMity and aircraft efliciency  will inaease. 

around  sodt  technology,  advantages  m  have  teen  the  areas  of  main  emphasis-  These  are 


In  addition,  a>  a,  reliability  ana  - - 

around  such  ttcitnology,  adVanta^^^^rchitccmres  have  been  the  areas  of  main  emphasis.  These  are 
When  discussing  PBW  systems,  three 

deta*1  _ ,  _  .iMurieailv  oowered  actuator  incorporating  a 


wncu  - 

defined  as:  ,*rtrieallv  oowered  actuator  incorporating  a 

sSSSSSSsssassw 

sssssass^ 

T«  ~  rttiSESZSm 

^^s^dciosed-loop.  fly  dry -light  options,  _  .  . 

A 
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Important  Technologies  -  Actuators 


POWEMY-WWH  ACTUATORS 


Figure  3*25  •  Block  Diagram  of  Power-By-Wire  Systems 

One  major  program  using  SAR  is  the  Electrically  Powered  Actuation  Design  (EPAD)  program.  EPAD's 
purpose  is  to  examine  reliability  and  performance  of  advanced  actuators.  The  EPAD  program  is  a  joint 
U.S.  Air  Force.  U.S.  Navy  and  NASA  program.  EPAD  is  flight-testing  a  Smart  Actuator, 
Electrohydrostatic  Actuator  and  Electromechanical  Actuator.  The  tests  will  validate  reliability  issues  of 
actuator-mounted  electronics,  power -by-wire  with  confined  hydraulics  and  power-by-wire  with  no 
hydraulics. 

Allied  Signal  built  actuator  bodies  with  composite  materials,  and  the  results  are  promising.  This  results  in 
actuator  unit  weight  savings. 

NASA  757  FBL/PBW  Demonstration  Program 

Costs  drive  the  Fly -By-Light/Power-By- Wire  technology  to  improve  the  UJS.  competitive  position,  lower 
airline  capital  investment,  reduce  direct  operating  costs,  reduce  weight/fuel  consumption  and  increase 
reliability  (improve  schedule  performance).  The  program  aims  to  provide  lightweight,  highly  reliable, 
electromagnetically  immune  control  and  power  management  systems  for  advanced  subsonic  civil  transport 
aircraft  The  immwiiatp  objectives  are  to  develop  technology  for  confident  application  and  certification  of 
integrated  FBL/PBW  by  cooperating  with  industry  to  provide  risk  reduction  for  costs,  safety  and 
certification,  proof  of  technology  maturity,  maintainability  and  reduced  or  simplified  manufacturing, 
performance  improvements  and  added  value  to  the  airlines,  lower  cost  and  less  time  consuming  methods  of 
accomplishing  certification. 
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important  Technologies  •  Actuate^, - -  "  pay0ffs  for  commercial 

-liable  nower-by-wire  approach  offers  major  system  increasing 

Studies  show  that  ultra-reliable £>wer  oy  diiect  operatmg  costs  by  w* 

aircraft  by  reducing  airline  up-fiorit  costs  by 

syston  reliability  by  16%.  wort.  is  contracted  with  a  Douglas 

■at  program  is  fully  funded  and  to^urcbased  a  757  test  bed. 

-  *  ™  e—*  -a  *ra“,on  y 

NASA  Advanced  Launch  System  Actuator  Devetopmm  ^  ^j^oion  with  several 


TABLE  3-11 


'  •  .  1 
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STALL  LOAD 
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nunatdfHl 

fS^Sjl 
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10.750 

54K 

OSK 

48.000 

74.400 

98B40 

7510 

39  K 

48  K 

32.000 

48.000 

9  1 

30 

30 

15 

10 

10 

0 

13.7 

28.5 

32.8 

41.8 

68 

-  uoog  INC..  Mis***  System  Dtv„  East  Aurora.  NY  14052) 

X-PAflAMETEBNOr  manu(acturers  elaborating  on  these 

Tne  Appendix  contains  specific  informatton  from  actuator 
characteristics  for  foe  larger  sizes. 

S.2.2.3  PreferredTechnolog.es  acmaaon  *  desctibed  above,  me 

win8  flaps' may * c,ecmc'  H0WCV“' 
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gjggj!PScj&qGYROAD MAP - — ~r  targe  electric  actuator 

much  is  known  about  hydraulic  systons  d(!vdopmem.  which  may  negate  some  of 

systems  are  outlined  below. 


advantages  . 

Actuation 


.  Thermal  management  is  straight  forward 
.  Broader  industrial  base;  more  field 
DIS  AD  V  ANTAGES 
p|rrtmhvdl7|1l1ir  Actuation 
.  Complex  centralized  hydraulic  supply  and 
distribution  system 

•  High  maintenance,  requiring  specialized 
personnel  and  equipment 

•  Higher  wasted  power 
advantages 

EM& 

•  Total  elimination  of 
high-pressure  oil 
.  Good  MTBF  (Mean  Tune 
Between  Failures) 

•  Lowest  heat  generation 


Actuation 

.  Overall  secondaty  powe^  system  max  be  lighter 

•  Simplified  maintenance 

•  Greatly  improved  power  experience  efficiency 

Actuation 

.  Actuator  itself  is  larger  and  heavier 

•  Thermal  management  is  very  difficult 

•  Requires  development  funding 


EHA 

•  Minimal  common-mode 
failures 

.  Good  PLOC  (Probability  of 
Loss  of  Control) 

•  Lowest  weight 

•  Best  power  efficiency 


IAP 

•  Minimal  common-mode 

failures 

•  Good  PLOC 

•  Moderate  Weight 

•  Best  accelerate  capability 


disadvantages 

EMA 

•  Backlash  unacceptable  for 
flutter  (>0.007  in) 

•  Heavy 


EHA 

•  MTBF  worse  than  FBW 
(Conventional.  FBW)  actuator 

•  Dynamic  stiffness  can  be  a 
problem 


IAP 

•  MTBF  worse  than  FBW 
actuator 

•  Dynamic  stiffness  can  be  a 
problem 


3-97 


Important  Technologies  •  Actuators^ 

•  Difficult  to  package  in  tight 
envelope 

.  Impractical  to  make  jam- 
proof 


WINGSHIP  TECHNOLOGY  ROADMAP. 

•  Problems  with  threshold, 
resolution,  and  small-  signal 
response 

•  Significant  heat  generated  by 
charge  pump  and  swashplate 


The  introduction  of  EMAs  into  aipft  ta  parallel,  then  jamming  one  locks  the 

pU«CCe  new  “fail'-operate"  rota*  EMA  designs  get  around  this  problem.  Whether 

linear  EMAs  do,  this  needs  to  be  explored. 

As  indicated  above,  actuator  technology  Amatos  a  stems.  Electric 

or  EHA,  are  more  suited  to  high  povmsj fttqu  ’”frcqiIC„t  -bang-bang”  operations  and  smgle 

3  2.2. 4  Deficiencies 

to  terms  of  wingship  sire  categories,  the  deficiencies  are  as  follows: 

,  .  .  -f  9hout  46  ooo  lb  or  about  10  to  12  hp  depending  on  actuator 

400  Tons  -  Actuators  up  to  a  load  capacity  of  abo 

link  speed  requirements.  . 

this  size  wingship.  _ot„ 

1,000  Tons-  Actuators  up  to  a  >°*  °f  wnMand  there  are  two 

“C  w  netd  to 

synchronized  so  as  to  not  to  introduce  a  twist  in  the  flap  structure.  ^  . 

•  •  ^  Pither  existing  hydraulic  actuators,  or  those  electric  types  developed  for  various 
No  deficiencies  envisioned.  Either  existing  nyoraum, 

existing  aircraft  can  be  applied  with  minimum  nsk. 

2,300  Tons  -  Actuators  up  to  a  load  ^^^p^^^^^^miatois  working  in  parallel  and 
"m^Ss'S^h  flap  section. Tires.  p*kages need  ,o  he  synchronised  so  as  to  not  to 

introduce  a  twist  in  die  flap  structure. 

_  .--hnninov  nf  existing  hydraulic  actuators  or  those  electnc  types 

offe  examined  and  applied  with  moderate  nsk. 

•.  r  ^ Kraut  170  nrn  lb  or  about  86  to  100  hp  depending  on 

SSS'SSSSi  "^package  emtuins  two  acmarom  woddng  in  paraflei  and  mere 
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Although  hydraulic  actuate*  «ist  in  this  si*  <*egory.  seme %£ 
reductions  in  weight.  The  tedinology  for  either  existing  y  ...  .  aDolied  with  the  necessary 

rorvartoueexishug^^^^^"-^^^  prog™ 
development.  However,  because  the  future  of  large  booster  devdopm™.  cost  and  an  associated 

in  the  5.000-ton  category  may  not  reap  the  benefits  of  such  a  development.  Hence,  cost  ana 

moderate  risk  will  be  impacted. 

3.2.2.5  Development  Required 

estimates  made  and  demonstrated.  This  may  requite  some  develojment. 

If  elecoic  actuatots  andthe  FBL/FBW  philosophy  is  selected  for  the  main  pah  on  die  ‘ ^f^oSol 

Ufc^mr^Ae  More  Eiecnic  program  will  provide  approptiatts^m^OTca^h^^^^^®0 

^  wingship  program  involves  srepping  stones  beyond  those  expected  from  the  More  Becmc  program. 

3.2.2.6  Cost  and  Schedule 


400-ton  wingship  actuators 

2  years  at  $2  million/year 

Total  $4  million 

1,000-ton  wingship  actuators 

3  years  at  $2  million/year 
Total  $6  million 

2300-ton  wingship  actuators 

4  years  at  $2  million/year 
Total  $8  million 

5,000-ton  wingship  actuators 

5  years  at  $3  million/year 
Total  $15  million 
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3.2.3  Simulation  and  Modeling  other  facets  of 

The  use  of  simulatois  is  becoming  todb^k  ** “* 

technology  -  indeed  of  everyday  hfe  mdudmg  enmrrammcm.  ^p,  0,  involves  ccmpto 

devdopmotof  whenever  the  cdnnol  system  development  simulator  use  ra 

mechanical,  hydraulic  and  electronic  ““1*“?*;  *J  ***£  *  sofbvtun  is  done  on  simulatois.  If  s  logical 
almost  axiomatic — the  verification  and  vahdanoo  testing  of  large  wingSbips.  This 

<°  use  simulators  in  «*  •  for  high  fidelity  fight  simulators  toge  wm^hips. 


3«2«3t1  w»n»w»"*w*  - — _ 

For  effective  utiliaation  in  engineering  and  aMbte  companies, 

contrast  with  procedures training  ^^TtofcawoJmitch  in  pfcce,  expensive  motion  platforms  or 
engineering  simulatois  don't  have  each xocip  ^  degree  of  fl(lciity  of  the  vehicle  dynamics, 

sophisticated  visual  scene  generators.  Instead, simulator  requites  fairly  elaborate 
including  me  feel  of  p»  control  dev^Tte^  fP^^  balance  mowing  ^  centers  of 

cockpit  development  In  a  wmgduparaubtor^unpo^  support  control  system 

gravity  and  buoyancy  needs  emphasis.  Most  oi  nm  investigation  of  the  wmgship 

SU  Almost  parallel  with  '££35*  ^  *** 

handling  qualities.  With  no  wmgship  feinted.  The  simulator  needs  to  reproduce  the  effect 

qualities  and  criteriato  wtnjsshaps  c“not J^“f^^ctual  operation  can  be  initiated  with  some 
of  various  flight  control  and  tnpi^qan*  ^  ww  wingship  flights  and  testing,  the 

* 

3  2.3.2  State  Of  The  Art 

NASA's  IhydenFlightResearoh  Center 

support  am  research-  Specific  aircraft  J^n^SSTsimularora  indicams  that 

highly  maneuverable  fighters  with  digital  fly-by-wire  con  ’  performance  is  of  relatively  minor 

in  simulation  technology  of^e  wingships,  including  equations  of  motion,  control 

importance.  The  completqjnatheman  display  can  be  processed  by  computers  readily  available 

sysmm  dynamics,  propulsion  system  and  gmpbic  display  <ran  be  P_  ^  ^  ^  ^  base 

for  each  application. 

Figure  3-26  shows  a  schematic  of  tocJOl system  that  includes 
simulator  consists  of  elements  representative  o  ^  complexity  of  the  X-31  simulator  is  not  to 

thrust  vectoring.  The  purpose  of  showing  on  buildup  of  a  fight  simulator  that  is  expected  to 

describe  the  fimetion  of  each  modtti^  to  mg*  *  ^dup  o  Qf  „  ^tal 

meet  the  requirements  described  earlier.  Actually.  uu>  _ _ _ 


Important  Technologies  -  Slmulatlonjpd  Modeljng  -  -  lading  the  visual  scene,  are 

simulation  in  which  all  mathematical  models  up^  right  of  the  figure.  Alternatively,  the 

processed  by  the  Silicon  Graphics  460  computer  sho  W*  legated  to  the  actual  flight  control 

processing  of  the  control  3^^!^  ta^tte^ower8 middle;  the^this  — “^0 

computers,  designated  as  FCC  #1, £  3*  ^  ^  simuiator  incorporates  a  Silicon  Graphics 

hardware  in-the-loop  variety.  For  sofo^1*  de  hown  on  the  lower  left  are  necessary  only  if 

computer  and  ^on^termir^e^^  system  during  flight! 

simulator  needs  to  interface  with  the  flight  test  Memory  Network  shown  in  the  middle, 

various  simulator  demons  communtcate digital  display  indicators,  all  instruments 
The  pilot  cockpit,  including  a  programmable  force-feel  system,  g> 
pitches.  is  in  the  upper  middle  of  the  figure. 
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The  specification,  design,  subsystem  integration,  and  validation  of  a  simulator  comparable  to  that  of  the  X 
3i*aiiplane  is  a  major  task  and  should  be  initiated  eaiiy  in  flight  vehicle  development 

3  2.3.3  Mathematical  Models 

Airimnte.  The  wingship  airframe  modeling  does  not  2 

conventional  airplanes.  Because  of  the  shot  wtngspan  and  n^vdy  snff_an.cnne.  M 

modeled  as  a  rigid  body  whose  weight  and  moment  of  .nernachaneiensn  P  modon 

and  payload.  Since  the  wingship  is  ^  the  body- 

Zdaxissi^OT  feZtZof  dZe^^00^  sttbility  axes  are  preferred  for  longitudinal  dynamics  and 
a  body-fixed  system  is  used  for  the  lateral-directional  dynamics. 

Hydrodynamic  Modeiing.  Reference  ,  riafes  **  S”S^tri1  fe"  2 

most  complex  since  they  involve  “ augmented^ram  effect,  or  PAR.  for 

ZgShipai^caZZipUca^hydi^ynamic 

porpoising,  drag  and  spray  fe.^ficconfiiruMioos  the  required  hydrodynamic 


those  reported  in  Reference  2. 

Aerodynamics.  Altitough  wingship  aemdynamics  is  sbntiar  to  th* of  convendonal^c^f  in 
free  air  modeiing  of  aerodynamic  forces  and  moments  m  ground  effort  requires  special  care,  wtngsnrp 

aerodynamics  is  simpierdueto  i ^  “  SETS 

and  moment  coefficient  data  should  be  obtamd >  ‘  “J 5*  “Xm^Tgspan  with  most  of  the 
noticeably  influences  the  flow  around  aircraft  up  to  a  less  than  50%  of 

balefiCial  6^!fS  °f  ’^c^mtdfM^’rhiBa^gs^^ulator  should  have  complete  aerodynamic  force 
the  mean  aerodynamic  chord  (MAC).  Thus  a  wmgsmpsuuuuuu  test  heights  will 

and  moment daat^ulafed-height^CnU^ of 

hopefully  mprcduce  the  de^ndeDce  of  the.fo^^^^d  ^  ^  ta  gmmtd  effect  also  depend 

addition  to  the  height  dependence,  the  ....  fa-  that  in  a  banked  attitude  the  ground  proximity 

on  the  toil  attitude.  ^^*^^^v^rae0^imB  testfogdifficultyrequins  the  numerical  estimation  of 
affects  the  left  and  nght  Zot  various  configumtions  are 

s°me  ^SSn^ant  u  emphasised.  While  some  static  aemdynamic  data  on  a 

surveyed  and  the  need  for  full  scale  tugnt  v  oscillation  test  data  to  obtain  damping 

realistic  wingship  configuration  is  reported  in  Reference  4.  forced  oscillation  test  oara 

derivatives  is  unavailable  in  wingship  aerodynamics  literature. 

Atmospheric  turbulence  and  seastate  effects.  When  white  noise  passes  thraugh  a  fimt  orte, ^flto^one 
v  ,  .  t  a  //_ c ,  a  \  »he  result  is  a  stochastic  process  typical  of  many  physical 

with  the  transfer  functio  (  •  may  be  used  as  an  atmospheric  turbulence  model  or  the 

SSsssassssw 
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.  ,  that  their  output  produce  specific  turbulence  spec  . 

These  filters  are  defined  by  the  requirement  mrbulence  is  both  isotropic  and 

procedure’s  applicability  rests  on  th  P  ^  ^  assumption  is  not  exactly  valid, 

stationary.  Airplane  operation  expenence  ^6cates^  j^clity  wingship  flight  simulations  should 
and  discrete  gusts  and  wind  shear  must  ^  ^gns-This  height  variation  can  be  represented 

include  the  above  water  height  variation  du*  ..  tajbalen<x.  The  spectral  characterization  of  waves 
as  a  stochastic  process  similar  tomodeUng  wavdength.  Nevertheless,  height  variation  can  be 

is  different  from  atmosphenc  turbuh^^ 
simulated  as  filtered  white  noise  with  appropnate  selection  o 

,  .  .  ^  fM*cpnri»  of  SC3  W3V6S  2nd  SWCll  W2VCS  IS 

Initial  simulation  of  the  mean  height  under  the  v™’^  £^1  *  A  computer  program,  using  a 

under  way  at  NASA  Dryden  ^^amls^eUwavesasahnmdonof 

follows  large  airplane  procedure.  ^simulation  studies  an  actuator  model  of  the 

requirement  for  fast  control  surface  a  *  ~  ^  with  the  values  of  x  ranging  between .  1 

transfer  functionform  of  l/(xs+  1)  «oM  P^b^s^c  dynamics  of  the  servovalve. 

and  .2.  As  test  data  becomes  a  point  of  reference  for  large  wingship 

and  such  nonlineanties  as  position  ^^tiem  -m  a  mcdium-size  transport  configured  to  conduct 

actuation  requirements,  an  expenmen  h  draulic  system  with  3,000  psi  working  pressure  aid 

system  ^  hydraulic  fluid  flow  rate  of  100  gallons  per 

minute  per  cylinder,  and  is  capable  of  a  ram  rale  output  of  10  ©  15 

th„  Th.  physical  characteristics  of  the  actuation  systems,  whether 

Wingship  sensor  ^mulatioi^^^^^u^^^3^^^^  sensors.  Airplane 

SammTtodymcS1 

XI™'  o/electrostatic  height  ser^rs,  needs  addiuonal  deveiopmer. 

Control  system  In  order  to 

system  simulation  is  especially  m^ottzn  mechanical  and  electronic  elements.  Large 

control  system  must  include  mathematical  models  d Saving  weight  and 

wingships  will  likely  have  ^y‘by‘^^  ^U  t  modes  ^hiie  simulating  fly-by-wire  controls  for  new 

“ssrs rre«vm"^ — » ^  - — — ra,es- wori  *• 

computational  delays  in  simulations. 

relatively  simple  mathematic^  m  f_  required  to  show  the  varying  engine  thrust  effects. 

rs  r z: « — - — par-  "ce  wim  ou,er 
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simulators  shows  that  simple  tabular  function  of  thrust  with  throttle  position  and  airspeed  for  each  engine  is 
usually  sufficient 

Linearization  and  analysis  tools.  Incorporating  provisions  to  obtain  linear  mathematical  models  for  the 
analysis  of  these  models  is  not  strictly  a  simulation  task.  It  has  been  found,  however,  that  by  doing  so 
ensures  commonality  between  the  linear  and  nonlinear  mathematical  models.  The  linearization  is  performed 
numerically,  and  is  especially  advantageous  when  the  aerodynamic  and  propulsive  forces  are  tabulated  in 
coefficient,  rather  than  derivative  form.  Linear  systems  analysis  is  greatly  facilitated  if  the  simulation  is 

linked  to  one  of  the  widely  used  matrix  analysis  and  graphics  tools. 

3.2.3.4  Technology  Uncertainties 

Most  of  uncertainties  in  wingship  flight  simulator  fidelity  arc  those  associated  phases  of  its  flight  in  whidi 
analysis  or  subscale  testing  is  too  difficult  or  nonexistent.  These  phases  include  conditions  in  winch  the 
vehicle  is  not  in  equilibrium,  that  is,  it  is  either  accelerating  or  transitioning  between  planing  on  the  water 
surface  and  airborne  flight  Although  a  thorough  description  of  both  theoretical  and  experimental  results  on 
PAR  is  given  in  Ref.  6,  no  simulation  incorporating  these  results  has  been  validated  against  full-scale  test 
data.  One  possible  data  source  comparing  simulation  and  actual  test  data  may  be  Russian  design 
organizations  that  participated  in  large  Soviet  wingship  development. 

There  is  little  or  no  published  experimental  data  on  the  damping  derivatives  in  ground  effect  Initial 
simulation  efforts  may  resort  to  the  free-stream  values  of  the  damping  derivatives  obtained  flora  forced 
oscillation  wind  tunnel  data,  or  possibly  flora  parameter  estimation  applied  to  flight  data.  Again,  the  source 
of  suitable  flight  data  obtained  in-,  and  out-of-ground  effect  may  be  Russian  design  bureaus. 

Ground  effect  on  the  aerodynamic  derivatives  is  uncertain  if  the  surface  is  not  smooth,  which  would  be  the 
case  in  the  presence  of  waves  and  swells.  The  simulation  fidelity  in  predicting  performance  degradation  or 
the  deterioration  of  the  riding  qualities  is  not  established. 


3.2.3.1  Cost  And  Schedule 

Wingship  size  does  not  significantly  impact  the  flight  simulator  cost  A  possible  exception  is  a  larger 
cockpit  with  dual  pilot  controls  for  very  large  wingships.  Both  hardware  and  software  costs  depend  on 
simulation  location.  An  existing  simulation  facility,  where  infrastructure  consisting  of  suitable  space,  the 
electrical  and  signal  distribution  systems,  computers,  various  peripherals  is  already  available,  would  be  the 
most  logical  choice.  At  such  a  facility  the  largest  hardware  tasks  are  the  design  and  fabncation  of  tiie 
cockpit,  and  the  integration  of  the  various  subsystems.  With  modest  n®Wt?°^Ufwf 

equipment,  the  simulation  hardware  cost  in  today's  dollars  is  between  $800,000  and  $1,000,000. 
Simulation  software  is  available  from  many  sources,  including  government-owned  laboratones,  such  as 
NASA  Dryden.  Most  of  the  needed  software  for  wingship  simulation  is  public  domain,  but  it  requires 
modifications  in  aerodynamic  and  hydrodynamic  data  handling.  The  initial  mathematical  model 
development,  software  coding  and  hardware  buildup  requires  approximately  five  engineers  with  expenence 
in  aero/hydrodynamics,  stability  and  control,  systems  integration,  computer  system  analysis  and  electronic 
design  After  initial  development  simulator  operation  requires  one  software  engineer,  a  hardware  engineer 
and  an  electronic  technician. 


Wingship  simulators  are  developed  in  several  phases,  the  first  is  an  all-digital,  unpiloted  simulation, 
processed  by  the  computer  in  a  batch  mode.  As  software  and  hardware  elements  are  available,  they  are 


3-105 


Important  Technologies  •  Simulation  and  Modeling 


WINGSH1P  TECHNOLOGY  ROADMAP 


impormm  - -  — -  -  t 

time  for  a  usable  fixed-base,  nonlinear  piloted  sunuiai 


Figure  3-27  -  Wingship 


Simulator  Development  Schedule 
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DRAFT 6 


Related  Areas 


4.  Related  Areas 

A  wingship,  being  part  ship  and  part  aircraft  will  require  modification  to  design  and  testing  procedures 
normally  used  for  aircraft  and  ships.  The  high  speeds  and  power  involved  suggest  that  of  the  two  the 
normal  aircraft  procedures  are  the  best  points  of  departure. 

Procedure  modifications  should  include  any  additional  features,  sea-sitting  habitability  for  example,  that 
wingships  require  and  take  advantage  of  any  simplifications  (e.g.  no  pressurizahon)  wingships  permiL 

The  most  impacted  functional  areas  are  design  methodology  and  flight  test 


\ 
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A  i  Design  Methodology 

This  section  describes  a  wingship  design  approach.  It  transport  design 

(which,  in  principle  apply  to  any  engineered  ! .tentative  utaX-sP“fflc 

^^tfrenbecometiresrt^  of  a  program  to  develop  these  methodology  improvements. 


4.1.1  Wingship  Design  Requirements 

Of  all  existing  modem  vehicle  reqoircnient  sets,  *e  '£££ 

to  the  wingship.  And.  the  subsonic  transpo  ip  „,-lan,  or  ship  requirements  might 

representative  list  of  wingship  tequtretnents.  One  could mgue  M  s^aneo  p  req 

match  fairly  well.  We  rejected  tire  seaplane  seaplane  design  is 

complete  and  easily  accessible  seaplane  iequirem  universities.  The  wingship  shares  some 

■* »*ctive academic  com* ■* 


density  (a  factor  onsw^resuus  in  - - 

To  develop  a  OTte  of  thererequ^ents 

a  subsonic  transport  described  mTab  •  ^  much  oiffaem  numerical  values  in  some 

(such  as  climb  gradients i  “t  ^'“^'llK)s^fmtei0„  type  will  lead  to  additional  requirements 

wiU  have  loading  and  unloading  facilities  requirements. 


Table  4-1  -  Design  Requirements  for  a  Subsonic  Transport 


Table  4-2  is  a  set  of  requirements,  constraints  and  objectives  for  a  missile  magazine  wingship  developed  by 
modifying  Table  4- 1  for  the  differences  between  wtngships  and  subsonic  transport  aircraft. 
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design  requirements  for  a  missile  MAGACif  I 

WINGSHIP  _ 

Pavload  Description-  (vertical  faund*  systeot?)_ - 

p^erves  with  Payload.  gAW.  shoot-  and  return!) 

Ferry  Range  (2700nm?) _ ■ — — 

Minimum  Cruise  Speeds  °r  Maximum  Bloc*  Tung - 

Weight  Taiieoff  in  Glven  Seasme 

"s^siaie  Requirement  for  Taixoff.  Untog.  ^  ^ 

Habitability _ _ _ _ _ _ 

Airworthiness  and  Seaworthiness  Regulates 

In  addition  to  the  requirements  and  constraints  dabbed  For  military  systems  the  goal  is 

STL  goal  la  frequently  *>  tf! reverely  eonstrained  budgets,  them  is  a 

frequently  rn  minimize  life  cyde  costs.  event,  such  a  measure  U  required.  J” 

“Xncv  to  emphasize  acquisition  cost  of  the  Btst  few  «»“• “  »  MquUiflon  cost  of  a  fleet  sized  to 

provide  petsistence  ami  fittag  *£*££2?*  mission  perfonnance  measures  subject  to  die 

constrained  program  is  to  mMun^ssemtedin^ofui^ 

constraint  of  unit  fly  away  cost  for  a  speofi  ^  commdictory  and 

There  is  always  the  possibility  that  the  set  ofJ^\  ^  part  of  any  design  process  requires 

cannot  be  met  within  the  c^_t^^°1^rom  1 .  page  16)  indicates  the  iterative  nature  of  tfu 

some  iteration  on  requirements.  Figure  44  fiom  ^  ^  ^  ^  ^  ft  „  clcar  that  requirements  and 


\ 
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GENERAL  DESIGN  PROCEDURE 

Figure  4-1  •  General  Design  Procedure 

•  «»airh  for  the  solution  that  maximizes,  or  minimizes,  the  objective 
Then,  the  general  design  process  is  .  gjcure  4-2  illustrates  this  process.  Reality  is  often 

function  while  meeting  all  requirements  and  constants,  ^  w  many  ^  show  on  a  two- 

more  complex  than  Figure  4-2  ^  The  various  continuous  curves  and 

dimensional  chart.  More  than  one  objec  .  ^  awfcward  jumps  and  multiple  values. 

apprMChes 

approach  to  any  design  problem  must  accommodate  all  these  features. 
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Figure  4-2  -  Graphic  representation  of  design  optimization 

4.1.2  Candidate  Design  Methods 

Figures  4-3  and  027  a*  candidate 

more  generic  and  qoalitative.  The  second  chart  is  the  mceedafinitetoplevellogic  can  be  a  part  of  that 
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SPECIFICATION 
DATA  COLLECTION 


I  INITIAL  CONCEPT 
1 

|  fuselage  design 
\  ENGINE  ASSESSMENT 


tCAT.1  WEIGHT  AND  DRAG 
PERFORMANCE  BOUNDARIES  I 

ENGINE  &  PROPELLER  CHO|CEj 

WING  DESIGN:  CAT.  1  LIFT 
WING  LOCATION  _ 


CAT.  2  WEIGHT  PREDICTION 
C.G.  TRAVEL  REQUIRED  _  _ 


EMPENNAGE  DESIGN 


|  UNDERCARRIAGE 


CAT.  2  LIFT  &  DRAG 
FLIGHT  ENVELOPE 
PAYLOAD/RANGE 


OTHER  PERFOMANCE  & 
FLIGHT  CHARACTERISTICS 

V  -  n  DIAGRAMS _ _ 

NOISE :  OPERATING  COSTS 


12 


PRESENTATION 

EVALUATION 

_ y- 


i  PARAMETRIC 
l  INVESTIGATIONS 


I 

I 

J 


Figure  4-3  —  Survey  ot  the  Initial  baseline  configuration  design 
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i  *  Input 


MISSION  AND  PERFORMANCE  CRITERIA 


•  payload 

•  range 

•  cruise  altitude 

•  cruise  speed  _ .1 

.  takeoff  field  length  or  approach  speedy 
.  landtag  field  length  or  approach  speed 

•  cfimb  requirements 

CONFIGURATION  GEOMETRY  AND  DATA 

TECHNOLOGY  DATA 

•  aerodynamics 

•  propulsion 

•  stability  and  control 

.  attraroe  and  systems  weight  data 


winn^HiP  tc^mql°gy  roadmap 


[CHANGE 
I  WEIGHT 


INITIAL  ESTtMATEOT  EMPTY 
AND  TAKEOFF  WEIGHT 


•  wing  sizing 
,  number  of  engine* 

.  anoine  configuration  and  size 


LAYOUT  DESIGN _ 

•  general  arrangement 

.  geometry  parameter*  except 

•  empennage^ 

WEIGHT  AND  BALANCE 

•  group  weights  1 

•  wing  location 

•  tearing  C.G-SmU 
.  horizontal  ta*  size 

•  aerodynamic  C.G.  Bmlts 
.  vertical  ta2  size 

1  i 

MISSION  PERFORMANCE  ~ 

•  cruise  speed 

•  paytoarirange _ 

, —  y 

...  /  AIRPLANE" N - vi 

-•» - V  BALANCED?/ 


CHANGE  WEIGHT.  WING 

AND  ENGINE  SIZE _ 


pip  n  PERFORMANCE 

•  undercarriage  design 

.  takeott  field  length 

•  lanring  field  length 
.  community  noise 

1  _  +  ~ 
PERFORMANCE  \ 
CRITERIA  / 
MET?  / 


EVALUATION  AND  OUTPUT 
.  three-view  drawings 
.  weight-balance  diagram 

•  drag  polars,  Bit  curves 

•  otf-design  performance 
.  weight  statement 

•  operating  cost _ _ 


Figure  4-4  -  Example  ol  a  generalized  design  procedure 

Importantly  the  «“•?  cotrfigurafloti 

configuration  type. 

4 1  3  Tentative  Wlngshlp  -  Specific  Design  Method 

4-5  is  a  d«fct  mttfcod  for  «  adap,^  S  cl's:  w" 


4-8 


WINGSHIP  TECHNOLOGY  ROADMAP 


R«iat«d  Areas  •  Design  Methodology 


WIG  DESIGN  PROGRAM 


Design  Objective:  Minimize  (or  Life  Cycle  Cost 

Conceptual  Design  Phase 


REQUIREMENTS _ 


Payload 

weight 

volume 

geometry 


Range 

2,700  nautical  miles  plus  reserve 


Sea  State 

3/4  Cruise  (or  Hauler 

3/4  Takeoff  (or  Missle  Launcher 


Loading,  Fueling,  Arming 
existing  commercial  parts  for  hauler 
military  bases  (or  Missle  Launcher 


Takeoff  T/W-  0.25 


Figure  4-5  —  WIG  Design  Program 


'Meet  Sea-Sitting' 
Habitability 
^Requirements' 


Maximize 

vRange^- 


Range  Meets 
Requirements, 
^Minimize  Cost/ 


Three  Views, 
Weight  Statement 
Off-Design  Performance 

Preliminary  Design 

l 

Detailed  Design 
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4.1.4  Deficiencies  _ . nrtSently  possible  to  show  that  i. 

is  best  or  that  it  win  converge  for  a  ^  ^  for  wingship  applications,  th 

«*  *“?  “  ue^  HO*  it  no. 


wlNoaseTEa!!iOk2SlS25S!^ 


^wtimconfigunaone^yt*^ 

sss^^assssssssa-'-- 

the  outset  However,  an  all  "JL 

specific  payload  configuration  retpittemerts . 

_  • _ —.««  Dan! tired 


specific  payioauwmae, - 

4.1.5  Methodology  Development  Required  ^  „f  me  cross 

configurational  possi  .  optimization  process. 

configurations  through  the  constrained  op  ^p^ensive  design  method  for  the 

Stewart  a  systems  engineering  book  ^^^ff^elf  TWs'metboti.  or  an  equivalent  should  be 
K>o£  in  a  design  P-^^^enve  »  ** 

spphed  to  the  wtagship  design  prtblem  to  system 

• - - - ^ 


-Hb  configuration  selection  issue  is  mote  sttbfle. 


A  2  Flight  Testing 

4.2.1  Goals  and  Objectives 

According  to  DoD  Instruction  50002  "(t)est  and  evaluation  programs  shall  be  structured  to: 

1  Provide  essential  information  for  assessment  of  acquisition  risk  and  for  decision  making; 

2.  Verify  attainment  of  technical  performance  specifications  and  objectives; 

3.  Verify  that  systems  arc  operationally  effective  and  suitable  for  intended-use;  and, 

4.  provide  essential  information  is  support  of  decision  making." 

orMwSioloHappUaS™5-  Much  of  the  testing  will  use  dedicated  testbed  vehicles 
Sh^TexiMiTaui  affordability,  since  any  "new  design"  wingsbip  tesdng  will  '“‘S' 

test  wcKnam.Toiprovide  a  structured  approach  to  testing,  an  abbreviated  Test  and  Eyaluahon  Master  Plan 

(lEMP^mrest  be  developed.  This  document  will  be  the  controlling  license  for  the  flight  test  program,  an 

as  such  must  be  reviewed  and  approved  on  a  regular  basis. 

Flight  testing  will  be  done  on  sub-scale  and  Mi-scale  test  articles,  aud  will  address 

min  flying  qualities  and  performance  (FQ&P)  and  ottter  basic  issues  to  evalu^ip.the  abilrty 

^IT^nequiremeS  or  spedficadous.  Test  reticles  win  be  insmnuented  to  cohed 

be  redSmalyaed  and  added  to  the  database.  Various  integranon  and  inst^auoo  approaches 

for  components  and  systems  will  be  tested  as  required,  as  will  different  vehicle  configurahons. 

The  primary  goal  of  the  Bight  test  program  is  collection  of  sufficient  valid  data  to  assess  *««*«*»« 

important  parts  in  the  realization  of  these  goals. 

4.2.2  Scope 

The  fligtiWfist  program  will  address  all  testing  including: 

.  Full-Scale  Testing  -  This  is  the  testing  of  production  hardware  or  foil  size  replicas. 
is  tested  for  form,  fit  and  function  while  foil-scale  models  are  tested  for  form  and  fit  (although  lrm 
functionality  may  be  ascertained,  such  as  in  the  case  of  drop  models). 

.  Sub-Scale  Testing  -  Hus  is  the  testing  of  reduced  size  replicas  for  function.  Some  «amples  of  sub- 

tunnel  tests  or  tow  unit  tests.  Sub-scale  models  may  also  be  used  for  free- 

stream  (air  or  water)  testing  when  mounted  on  a  testbed  aircraft  or  boat 


Rotated  Area.  -  Flight Tastlt19 - '  „i™,a1itv  ranging  fro™  breadboard 

System  Testing  -  This  is  the  Whether  conduct  nn  a  bcnch.  on  a 

■  sr" SS?- i— of  - ttstog  (" 

maintainability,  etc.)  is  done  at  this  level. 


vr^cmp  technology  roadmap 


•ssi.ssra-""— •” 

'  »  etw  <w  «ee  e«et«  ^  W  d««oit 

What  external  interfaces  must  ***^1^^  degraded  prior  to  test  completion? 

What  can  be  accomplished  if  erpupm  whatmethod  winbeused  by  whom  to  colleadata. 

•  £^=sS=SS5SSS 

^Xtassemam-erpirodfbrdaur^.^"^^  wU1  «*£«»»■ 

be  coropaedaHowmn^^be^^  „,  effectiveness  (MOEs)  need  ro  be  de 
tr^d-aa”*”fc^’  orM  ^  for  each  even,  mat 

• —ssasssKSsaa------- 

4.2.4  Test  Articles  since  no  mission-designed 

«^aK“S=a».:S25?. 

(COTS)  internal  combustion  gasoline  engine  tu  - _ 
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Appendix  A  -  Takeoff  Technology 

Power  Augmented  Ram  (PAR):  Limitations  of  Expected  Improvement 

In  older  to  estimate  the  best  perfomance  possible  when  using  power  augmented  ram  (PAR)  we  developed 
a  plot  of  non-dimensionalized  altitude  (h/c)  versus  non-dimensionalized 

(Ka)  for  three  differenct  length-to-beam  ratios  (Ub).  Tbese  plots  are  presented  in  the  Secuon  3  U  Take 
andLanding  Technology  Section  of  this  report.  This  appendix  presents  how  each  parameter  h/c,  To/W 

K2  is  derived. 

The  excess  thrust  of  a  PAR  system  must  provide  some  margin  over  the  drag. 


Drag  defined  as: 


—  =  2Rc 
W 


W 


L>cSj 


W 

ycS 


-Ki 


Rc 

D 

w 

7 

c 

S 

\k2 
\y 


—  =  2RcKi 
W 

Wave  Drag  Coefficient 
Drag  (LBF) 

Weight  of  Loaded  Vehicle  (LBF) 
Density  of  Water  ah/ft3)  ’ 

Wing  Chord — Length  of  Cushion  (ft) 
Wing  Area  of  Cushion  Area  (ft2) 
Davidson  Kj  Parameter 


(1) 


(2) 


(3) 


Rc  is  a  resistance  factor  which  is  a  function  of  the  Ub  ratio  of  the  vehicle  area  effected  by  PAR.  To 
determine  the  thrust  required  for  takeoff,  we  are  interested  in  the  maximum  value  for  each  Ub  ratio. 

In  our  analysis  we  have  plotted  non-dimensionalized  thrust  for  three  differait  Ub  values  of  0.V2.0  md 
10.0.  The  Rc  values  at  these  Ub  values  are  1.95, 1.08  and  0J8  respectively.  The  Rc  value  for  L/b=10  was 

estimated  by  extrapolating  the  data  from  Figure  A-l. 

Equation  3  was  developed  by  L.  J.  Doctors  (Reference  1).  Figures  A-l  and  A-2  are  plots  of  the ' Wave ^Drag 
Coefficient  ,  ( also  referred  to  as  Wave  Resistance  Coefficient)  versus  the  Froude  Number.  Figure  A- 
from  Reference  1.  Figure  2  was  developed  for  smaller  Ub  values  using  the  formulas  from  Reference  l. 
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Equations  1, 2.  and  3  relate  drag  to  load.  We  now 


_ WINGSH1P  TECHNOLOGY  ROADMAP 

need  to  evaluate  thrust  and  include  the  effect  of  PAR  on 


thrust 


V. 

*♦.  ' 


Figure  A-l  -  Doctors*  Wave  Resistance  Coefficient 


1  2  3  4  8  6 

HJOUDI  NUMBER 


Figure  A-2  -  Wave  Drag 


Coefficient  for  Small  Ub  Values 
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Figure  A-3  -  Power  Augmented  Ram  Wing 

the  vehicle  thrust  parameter,  and 
Our  plot  uses  K2  the  vehicle  loading  parameter,  ^  th 


altitude  parameter.  Using 


ing  algebraic  manipulation,  we  derive  an  equation  for 


ti  TgCp 
c  v/1 

*„(£YA' 

c  UA<‘. 


We  then  use  a 


computer  program  to  generate  the  graphs. 
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Derivation  of  K2  Value  and  Length/Beam  Ratio 

Russian  Vehicle  Parameters  (Data  from  Reference  3) 


Appendix  A  -  Takeoff  Technology 


W  =  Total  Gross  Weight  of  the  Vehicle  =  308,000  lbs  (Reference  3,  Page  13) 

C  =  Wing  Chord  or  Boat  Length 

S  =  Wing  Area  (area  of  cashion)  or  Hull  Area 

Based  on  data  from  Figure  140  (Reference  3,  Page  37) 

Wing  Area  for  Russian  Vehicle  (S) 

1.  Calculate  Area  of  Large  Rectangular  Planform 
(60.96m)(20)  x  (15.36m)(20)  _  ^600.96^ 

ft2 

2.  Ca1™1at<>  Area  of  Triangular  Portion  of  Wing 

lUf  ?°-9<i~7-8f)x20(23.22-15.36) 

2 1 1  \  2  )  - i  =  289.84  ft'  . 


Multiply  by  2  for  both  wings 

3.  Calculate  rectangular  area  of  hull  between  triangular  portions  of  wings 

(20)(7.86r/i)x (23.22 -15.36)(20)  _  1<n  ^ 

_  in1 

1447F 

Total  area  =  2.600.96fft-  2(289.84ft2>+ 17 1 .6 1ft2- 335225  ft2 

Wing  Chord  of  Russian  Vehicle  (C) 

Wing  Area  3,352.25ft2  _  ^  oofr 

c=  .sr~  =  (20X60.96)  ft 

12 
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LA> 


L  =  wing  chord 
b  =  wing  span 


32.99 

(20X60.96) 

12 


=  0.32 
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Appendix  B  •  Propulsion  System 

Details  ot  Taxi/TATO  Systems  -  Noise  Abatement/Take-otf  Assist 

^prop^n  “gincs  arc  not  to  be  ^  for  ^fuUsSo  taote  rt 

their  good  sfc  (op  to  20%  better  than  APU -  g* trtma ^  ^  ^ 

^.^ST^CT^s^Sthi blast  hardened  generaor  weighs  25JW0iha.H  Ms  could 

ncrtte^^JhedrivctotfBjtti^pftctCTrcwouM  have  tote  direct  through  a  transnisaon  as  it  is  now  on 

the  hydrofoil  boat 

«.  .  tn  i  T>*.n*nr n  9^-4555)  advised  that  another  T56/501  derivative  which  may 

On5fl6/94.  Allison's  DanelRa^On-^MS)^^  a  power  tuibine 

H£S^«SS£mSS 

attr^va^ttorTte  tballhi^theengineQT*  and  siae  desired,  and  ithas  already  been  matched  out  with  a 

jet  pump  for  an  application  very  much  like  the  WIG. 

Possible  Taxi  engines  -  Onboani  shaft  drive  T5S0O: IK , ^SSmSSSSS- *  ISSSS 
takeoff  noise  problem  by  moving  the  WIG  away  fiom  the  beach  to  the  takco^  ^ther  than  ^n«  theraain 
will  g,  unheard.  Such  auxiliary  engines  *M|  »- and 

proprr^on  units.  are  a  f0^^*^^^]^^^^ti^^tow1which  requires  high  turbofan 

range. He  savings  result from  the  fact  ^ PrdSnary  investigation  using  Reference 

KSSrSl-SSSS.--'*"- 

line  length  hull  (with  the  wings  out  of  the  water)  as  a  function  of  water  speed. 


Annandix  B  -  Propulsion  System. 

Speed  Speed/length 
ratio. 

Knots  V/(L)“ 

10  1-21 

15  IS1 

20  2*41 


WlNG5rUK  — - - 


3 

13 

24 


1200 

5200 

9600 


Hull 

Drag, 

Lbs 

39100 

112954 

156398 


Wf 

Screws 

PPH 

600 

2600 

4800 


Wf 

Fans 

PPH 

12510 

36145 

50047 


Tlie  assumptions  for  the  marine  propulsion  unit  were: 

.  SFC  =  0.4  PPH/HP  for  dieal  (u*1*  abov') 

.  SFC  -  052  FP»HP  for  156  (following 

direst 

The  assumptions  for  the  turbofans  were: 

•^^-—assssass^ 

section  from  a  tuitioprcp  Eas  values  shown  in  the  ptecedmg  table. 

^^us,  a*  for  takeoff  will  have  a 

gssss sse 
•£^22^“-* d0  *e  10  “* 

knots.  _ ,  rt,  «aiooorted  by  ARP  A  (Tom  Swarz), 

UshouWbenotedtotthe^P^^^  ,  tadl”g. 

pr^ably  be  pleased  to  discuss  another  Naval  applicauon.  ^  meTSO/SOl 

* -  *  — r. 

SsSr aas2==-«— — 
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Wirioonir  ' » — - — - ' 

T56  had  an  output  of  about  3700  HP. The  most  recenlor  ^^'^^A^5^ttouSsed«  m  have 
flat  rated  out  to  86’  F.  The  501K-34  S>u<  RPM  to  the 

a  power  section  constant  shaft  speed  of  14,300  ^M- ^eh  was  used  on  Series  I,  n  and  III 
RGB  and  substantially  less  surge  truugm  than  ^  has  an  output  shaft  speed 

engines.maimraftveirion,theT5&emplo^ar^aoug^l»^)v^ 

of  about  1100  RPM  Each  of  dm  501K  is  that  this 

A^^^R.^vingship^generam.^yof 


eq^limporia^Hdm^^dm^h^a™:-^—  — dSois  Mth  dm 

=-'S=SSS: assrss 
3£SS£5S==a«s: 

rated  at  4300  HP  at  60*  F  and  the  501K-34  is  rated  at  5300  HP. 

56 

used  for  a  10  or  20  mile  taxi  of  the  400  ton  WIG. 

10  NM  Taxi  Propulsion  Weight  Allowances 

Hull  Speed,  Tuibofan  Diesels  +  T56s  + 


Knots 


fuel.  Lbs 

12510 

24096 

25024 


fuel.  Lbs 
4345 
12968 
21125 


20  NM  Taxi  Propulsion  Weight  Allowances 
Hull  Speed,  Tuibofan  Diesels  + 


Knots 


fuel.  Lbs 

25020 

48192 

50047 


fuel.  Lbs 

4945 

14701 

23525 


T56s  + 
fuel.  Lbs 

3165  (1 T56) 
4638  (2T56) 
7890  (2  T56) 


T56s  + 
fuel.  Lbs 

3945 

6891 

11010 


Both  tables  show  that  a  marine  propulsion  unit  that  pushes  <m oS.S'“e r. 
substantial  fuel/weight  savings  over  using  the  mam  propulsion  turbofans  g  1* 

each  type  of  marine  taxi  engine  has  some  strong  speed  or  range  e  ects. 

^  if,  dnw  in  knot  taxi  speed  could  be  tolerated,  the  single  T56  is  technically  superior  but  the 

f°r  examP  :  ..  .  ^  wcight  allowance  that  is  only  1 100  lbs  more.  Either  diesel  or  gas  turbine  is 

lower  cost  single  diesel  needs  a  weigit 3110  }.  dista_ce  ^  ^  least  10  or  20  NM.  The  fuel 

Ughtcr  than  using  for  a  30%  fuel  fraction  on-board  is  about  4%  of  mission  fuel, 

wetght  savings  ts  8200  to  94W  lbs  wiu«  tor  ^  ^  ^  miles  or  morc.  For  ^ 

^ Ita3  mtoOTlS  the  weight  allowance  for  the  diesel  and  its  fuel  is  about  equal  to  or  greater  than  the 


ftnpftTT4^  p  -  Propulsion  System -  ■  ~~  the  concept  of  a  taxi 

weight  of  fuel 

this  l»*ver 

maintain  some  reasonable  h  way  am  light*  than  for  the  wibofans  by  facrors 

•th  3  diesds,  the  total  taxi  allowance  ts  ovcr  me  turbofans.  For  a  full  20 

rr.»=--c-MW80fo,ran8e 

cut  Winner  as  long  as  each  taxns  •  h«t  thev  are  not  substantially  worse  than  5 

_  are  still  the  heaviest  means  of  taxi  but  fc  7  ta  a  "twin  pack")  is 

At  20  knots,  the  turbofans  »e  ^  weight  penalty  for  the  T50  t  fod  savings  on  a 

diesels  for  a  10  Nltfnht  for  me  turbofans  by  factors  of  rou^y  ^  for  20  NM  and  worth 

much  lighter  than  the  taxi  fuel  pa^JV  lbs  .  almost  the  same  as  on  the  15  »  *  as  the  taxi  is 

full  20  NM  taxi  no ^wouldbe  abo  ^  ^  is  also  the  ’a  of  12,000  lbs,  the 

17%  in  mission  fuel  and  rang  .  .  ,  taTO  unit  were  to  be  used,  .  .  *  -17  qqq  +  5920  — 

rrrfr.  M* * 

big  “ 

mission  fuel.  .  Mn  ^  ability  of  the  marine 

wishes  to  or  not  with  hist  the  main  or  air  propulsion  engines 

,  *  —niiirement  -  To  meet  this  requirement  wim  ™  thnist  ^  m  takeoff 

One-engine  out  takeoff  ^  carried  with  4  engines  rated  engine  out. 

— ““"fi  a 5 SSo  lbs  of  W  »  isno, 

T/W  requirement  of  0.25  o  y  ^  Qf  cxCCSS  thrust  available  at  omse  y*W  *  mighl  be  via 

x ss-rriss."- — “  “ 

Spli^^  tave  00  eXtCmal  dng'  .  conversion  efficiency  of  0.6.  a  three 

engined  unit  would  g»««  ra  m,  *««  m«ii®  c  be  teri* 

approaching  unoff  wouid  iend  .0  ^  ' 

“4  inukc  “* output  wa,er  du1 
probably  low.  A  better  approach  m  g  _ _ _ _ _ _ _ 
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YYinvj jnir-  —  - 

but  have  better  efficiency  than  marine  screws  at  high  water  speeds.  (Gallington  conversation  with  Lister  on 
5/26/94). 

Msusstau  TATO  feasibility/impact  upon  engine  sizing/selecdon  -the  tot  step  would  be  to  de.em.me 
wtoherTATOrouMbe  done  or  not  in  older  to  accomplish  wo  objectives: 

T  m  p™  ide  quiet  taxi  powei  out  to  20  knols.  pmbabiy  to  S0-90  dB  a,  docbs.de  (90  is  the  S  bout 

^rr^ugh  the  T/W  with  nil  main  engines  numing  at  full 
augmented  thrust  is  no  more  than  0.25. 

To  assess  this,  to  tot  st^  is  to  gator  enough  infoiut^OTtobetterdefinetoinidallationaiidperfottoance 

characteristics  of  the  Allison  501 KF  with  one  engine  out  and  the  TATO 

be  to  size  the  air  propulsion  engine  rothatthe^  guideline  m  matter  what  the  takeoff  thrust 

package  yields  not  less  than  a25  TAT0  basically  downsize  the  air  propulsion  thrust 

boost  plan  was.)  Assuming  success  and  that  the  next  step  would  be  to  proceed  into  the  engine 

enough  to  relieve  them  of  the  one  engine  ou<  work  on  ensuring  that  the  TATO  concept  can 

selection  process  below  (with  one  big  exccP^  leaves  the  water  The  exception  referred  to  here  is 

indeed  be  managed  so  it  does  not  bum  up  whan few.  The  PW2037  is 

that  the  number  of  newer  US  engines  that  amountof  downrating  needed  to  accommodate 

the  only  one  found  (38,250  lbs),  unless  i  ev  ps  in  the  50  000  lb  thrust  class  must  be  used  as  a 
salt  ingestion  on  one  flight  is  success  and  a  38,250  lb  engine 

be  the  one  used  in  the  salt  tests  as  defined  below. 

rfT1rr  - - .dun  until  — 

a  tow  tank  of  the  WIG  hull  should  be  noL  A  good  candidate  for  test  and  evaluation 

some  emphasis  upon  whether  the  wing  is  in  $crcws  or  :et  pumps  and  the  accessories 

would  be  the  complete  drive  system  M  *  *e  Russian  ^Gs  do.  This  would  include 

normally  driven  by  either  the  mam  engines, ’  .  . environmental  control  unit  and  the  air  compressors 

electrical  generators,  hydraulic  pumps,  air  co  jJ  ^  wat£r  wash  equipment  The  level  of 

for  driving  all  four  engine  starters  simultaneously  and To >  8 ;  ^  ^  However,  |f  the  weight  of  the 

development  on  these  items  would  likely  be  engm« ^  g  P  ^  te  appropriate  to  get  aviation 
power  transmission  system  and  jet  pumps  is  high,  some  6.2  or  6.3  eftort  may  oe  apP  f 

weights  into  what  has  previously  been  marine  technology. 

Vehicle  noise  T&E  -  Regaining  noi^’ SincT  to°basic 
engines  on  the  vehicle  and  as  moified  ^  .  d  evaluation  plan  for  deSnition.  This 

infoimation  is  best  done  on  to  vehicle,  look  to  to  ^eto.  and  b  ^  far  out  to  sea 

should  also  include  the  T56s  running  insi  e  e  ^  noise  levels  If  t  axi  distances  can  be  short 

™^it^ndlM^to^de^(^wsue^n^todld^aIi^>atcpr^uictofind^a^to^etwtof  to^e^h^area 


. IgSHjP  TECHHOLOgVRgAOMAL 


.  r  ■  Propulsion  System - - -  "  wfflZvashmg.  Consequently,  it  is 

rirm  « . — - 

Wonnsflonandnnike^connneM^W^  “B^nce,  DoD  will  lave  to  talre  ^ 
taxiing  10  miles  out  to  sea  to  avoid  being  a  400  tons.  (Points  of  contact  on  this  are.  EP  . 

Xscmcnt  before  it  begins  its  first  batch  offitil  0n  5/27/94.  Keren  advised  tot 

Karen  Metchis.  202-233-9193 >  ^  epa  General  Counsel  should  be  conucted, 

^tniRumr  times  might  be  on  to  order  of  30  nays 
Laurie  Schmidt,  202-260-5327). 

The  key  elements  in  the  above  approach  are. 

.  ealiy  identification  of  a  likely  problem  (beach  noise) 

.  early  identification  of  a  likely  solution  (tan  out  to  sea) 

•  early  identification  of  a  design  solution  (taxi  engine) 

•  early  use  of  test  data  to  report  actual  noise  to  pu  c 

« willingness  to  use  public  comments  for  DoD  planning 

.  willingness  to  adjust  operations  to  suit  needs  o  comm  ded  item  for  propulsion  if  an 

High  temperature  environment  for -JM** £  J5?£  apptoach  o,  an  augmentor 
augmentor  and  PAR  are  used  with  vecro  *  ab0ut  10%  augmentation  by  °r 

(using  mixed  flow  mrbofans)  but  are  bem temperature  for  conventional  jct  foel  at 
.  f'PAR't  exceeding  the  hot  surtace  sen  igi  require  avoiding  botn  a 

wmg  blowing  (P  f  405®  f  Adequate  augmentation  of  the  •„  tanks  The  augmentor  will 

likely  be  on  for  two  to  three  nunutes®a^!™’  mCfo  augmented  fan  stream  may  not  be  feasible  uni 

's^s&sssss^^r 


fflss5Sas;*-‘ 

DFM  and  JP  would  not  tolera  e  .  (  ^  Propulsion  Appendix) 

ssr^s^esa'SsS 

compressor  pressure  ratio  and  EOT  typical 
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turbine  vane  flow  are.  Rises  of  100s  Fare  ««££££  “£?£  «5£  a^  •» 

HP  diesel  at  low  RPM  and  cool  it  off,  then  rnjec  P  ^  ^oration  is  not  within  1% 

is  injected  withtheengin£  ranning  at  idie' 

* _ th*  fAH#*ral  oovemment 


OI  new,  a  ~  o - 

Development  Consortia  -  NASA  and  ARPA  are  the  only  nvo  ***« * %*££££. Lre 
who  can  make  and  fund  agreements  for  development  (an  p  ^  Agreement  of  1958  and  the 

govt  procurement  is  not  involved.  NASA  can  doso  procurement  or  the  procurement 

activity  in  its  totality  is  neither  competitive  nor  doesltfaJ*  JLmesite  approval  of  NASA  General 
regulations.  Work  done  a!so  escapes  F01A  *or  fu^^^^wments  under  the  1958  Space 

Counsel  and  the  administrator.  GeneralCounse  procurement  in  order  to  make  the  needed 

Act  but  has  difficulty  in  being  perceived  as  going  wo »  P nUmber  of  funded  Space 

technical  activity  hap^n  smoothly  with  a  as  of  1  May  1994. 

Act  agreements  that  have  actually  been  consummated  ,  ah  sec  845  but  some  competition  is  required 
ARPAis  beheved  to  have  a  very  similar  capabdity  ^  and  results  in 

initially  in  establishing  who  falls  under*®  ^  345  h  appropriate  when  normal  use 

of  JS' 1  no.  necessarily  apply.  Using  commereial  developmen.  praences 

would  be  such  a  situation. 


Reference 

1.  “Marks’  Standard  Handbook  for  Mechanical  Engineers  , 
per  Ton  Versus  Froude  Number.  McGraw  HilL 


8th  Edition.  Chapter  11  -41.  Horspower 


\ 

\y 
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Appendix  C  •  Structures 
LOCKHEED-GEORGIA  WINGSHIP 


Principal  characteristics  of  the  Lockheed  design  (Reference  1)  are  as  follows: 


Logistics  Mission  _ 441000  Lb. _ (200,038  Kg) 

•M.  •  .  .  . .  *  •  _ _ 


Baytoad...  ■■  . — - - 

Range  (Scastate  3).,  —  . . . 

Range  (Seastate  4) - - - — - - — - 

Quise  Speed..  - 

_ 4000  N,  ML - 

-  3722  N.  ML - 

0.40  Mach 

?  Q1  C| 

_ (7408  Km) 

_ (6893  Km) 

n  16  M) 

Cruise  Altitude  (Sea  State  3)— - — - 

5.26  Ft - 

(1.60  M) 

Cruise  Altitude  (Sea  State  4) .  . — 

.  4 

Maximum  Sea  State  Capability - — — 

Dimensions 

H17M1 

Length  2383  Ft . . .  1  - 

Height  34  Ft - - — - — 

_ no.36  M> 

108  Ft - 

(3252  M) 

Wing  Span — . . — - — - 

Wing  Chord— - - - — - ‘ 

"  _ 91  Ft _ 

9*28  Ft2 - 

enn  M) 
_ (913.1  M2) 

Wing  Am  .  . — — 

OJ25 

—(6743  Kg/M2) 

138.15  Ib/Ft2 - 

WingLonrfing  .  ■  --- — 

Wing  Aspect  Ratio— - — - 

-  1-19 

9.1  Ft - 

(TK  M) 

Cargo  Compartment  Width— — - - - 

_ 50.25  Ft-! — 

.  13.5  Ft— 

_ (153  M) 

f4.1  M) 

Cargo  Compartment  Maximum  Height - — 

108  Ft— 

_ (3252  M) 

Cargo  Compartment  Length - - - 

Propulsion  Engines 

Four  (4) 

Type  BPR  30  Turbofan 

Rating  (SL  Static,  Uninstalled). - — 

95.600  lb  (425.230  Newtons) 

“Sform  area  =  115  ft2  (10.  7m2).  UD  -  3.  hytouUc  ““"d'd 

position.  Maximum  load  at  impact  speed  of  150  fps  (46  mps)  is  776,250  lb  (ll,252kN). 

hydrodynamic  drag  plat.  i»  landing  mode.  40  degme  (0.70  rad)  deflectioa  with  load  ntlicf 
incorporated  at  a  load  exceeding  3.840  IWft2  (18.749  kgta2).  20-  dellcciion  for  takeoff. 


Winp  End  Plates: 

Height  =  9.1  ft  (2.  8  m)  .. 

Height  to  chord  ratio  =  0.1 
Max.  width  =  2  ft  (0.61m) 

Leading  edge  half  angle  =  45  (0.79  rad) 
Leading  edge  cant  angle  =  305  (0.52  rad) 
Lower  surface  included  angle  =  24  (0.42  rad) 
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Maximum  side  load  =  1.76  x  106  lb  (7828  kN) 

““fe, cancel  Ry-bywUe  sysua  ^  •  hydrouoechanical  b**cp  «*—■ 

(34,73  fa,  system  W  power  •»  -  «*  ^  ^  “““ 

electrically  driven  pumps.  kg 

Weights  ’  lb  _ _ 3 57 ,900— - ‘^2343 

Empty  Weight  (Fraction  =  26%) - - *  441.000- - - - 200.038 

p-jyYrrl  **1-379.  — 10Q-398 

Structural  Weight  (Fraction = 16%) — - - —  ^798.900. - 362381 

Zero  Fuel  Weight - — -  -563.100 - — 255.422 

Maximum  Fuel - - - - -  ^1362.000 - - - 617.803 

Maximum  Full  Load  Weight 


performance  Summary 

Maximum  Speed/Altitude 


47357.5  m) 

_ (3,693  m) 

_(7,408  Ion) 


.(9393  km) 
.(10,427  km) 


_ .0.4  Mach/Sea  Level 

0  4  to  036  Mach/Sea  Level 
24,795  ft- 
12,117  ft- 
.4000  n.  mL. 
5,180  n.  mi.. 
.5,630  n.  mi- 
153 
1539  his. 
.5.70 


Maximum  * - *  ^  x 

Maximum  Range  at  Zero  Payload  (0.4  Mach) 

Maximum  Range  at  Zero  Payload  (LRQ 
Initial  Guise  L/D—— — * 

Design  Mission  Duration 
Effective  Aspect""' 

NORTHROP  1.6M  WINGSHIP 

Physical  characteristics  of  the  Norihiop  wlngship  arc  sammarisctl  as  follows: 

Dimensions 

Length  282  ft 
Height  70  ft 
Wing  Span- 

Wing  Root  Chord 

Wing  Tip 
Wing  Area 


Wing  Thickness 
Wing  Loading 
Aspect  Ratio 

p^isioa  EjriW  AdOTiced  Tech„ology  bypass  rario  torbofaas.  about  84.000  lb  SLS  thrust  each. 


NORTHROP  WINGSHIP  1.6M  WEIGHT  BREAKDOWN 


(All  weight  values  in  pounds) 


WEIGHT 


ITEM 


C-2 


Structure - - - 

Wing- - - 

Horizontal - - 

Vert  Tail - - 

Fuselage. - 

Landing  Gear - 

Engine  Sect. - 

Propulsion - - 

Engines. - 

Other  Propulsion  Items. 
Including:  AMAD 


(527,836) 
_  159,052 

_ 48,742 

_ 33.700 

-180,143 

_ 46,173 

_ 60.026 

.(158,233) 

_ 68,702 

—89,531 


Controls 


Starting 
Fuel  System 

Systems  and  Equipment - — 

Flight  Controls - 

Auxiliary  Power. . - 

Instruments 

Hydraulics - - - 

Electrical - -4- - 

Avionics - 

Furnishings  and  Equip 

ECSand  Anti-icing - 

Load  and  Handling - 

WEIGHT  EMPTY - - 

Operational  Items  — 


.(65300) 

—12,446 

—1368 

_ 759 

—11349 

_ 6353 

_ 4,000 

_ 21361 

_ 7,124 

_ 640 

-.751369 

—11.199 


Crew 


Engine  Oil 
Unusable  Fuel 


Miscellaneous 

OPERATING  WEIGHT - 

Payload - — — 

Fuel  Usable .... 

BASIC  MISSION  TOGW 


-.762368 

-.320,000 

-.517,432 

1,600,000 


Note  that  these  values  indicate  a 


structural  weight  fraction  of  32%,  and  an  empty  weight  fraction  of  47%. 


DOUGLAS  AIRCRAFT  WINGSHIP  (Wingship-S) 


Principal  characteristics 
Dimensions 

Length - - 

Height - 

Wing  Span - 

Wing  Chord - 

Wing  Area - - 

Wing  Thickness  Ratio 

Wing  Loading - 

Aspect  Ratio - — 


of  the  Douglas  Wingship-S  (Reference  2)  are  as  follows: 

F.nyHsh 

_ _ — _ -26135  ft. 

5630  ft. 

_ _ _ 108.00  ft. 

_ _ _ _ - _ —92.6  ft. 

_ _ _  -10-000  ft2 

. -15%. 

' _ _____ _ — _ 200  lb /ft2. 

~  _ _ 1.166 


Metric 
_79.63  m 
_17.22  m 
—32.92  m 
—283  m 
—929m2 

_ 15  % 

.977kg/m2 
_ 1.166 
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Power  Plants 

propulsion  Eng.ncs  (flight)  bypass  nti°  12  tuibofam.  95.000  SLS  tost 

(6)  Fixed  pitch  Advanced  Technology  yp 

reversers. 

-  "■ 

S!^f  ^  _ 

sr,^r^°p  noT  ^  ^  — *  Mttric 

Weights  .  _ _ _ _ _907,200  kg-  - 

Maximum  Full  Load  Weight----- —  - 113061  kg- - 

Structural  Weight  (Fraction  =  12^%)-  ,229:937  kg - 

Empty  Weight  (Fraction = 25%) - - — _  -  _597.409  kg - - 

Maximum 'Fuel  (usable) — —  -46.095  h8-  — — 

Maximum  Paylood  "  333.004  kg 

Landing  Weight— — - -  ""  ’”**”*"* 

AEROCON  DASH-1.6 

«  AEROCON  DASH  1,  «ing*ip  Oes.gn  hns  th.  (o«o^g  *« 


each.  No  thrust 


FUSELAGE 

Length  (overall). - 

Maximum  Height— — - — 

Max  Beam  (w/o  Strake). 
Max  Beam  (W/Strake) - 


WING 

Span  340.00  ft 

Root  Chord — — - — 

Tip  Chord - - — - — 

Tip  Thickness— - 

Wing  Planform  Area — 

Aspect  Ratio— - 

Taper  Ratio — — - - — 

L £.  Sweep — - — 

Quarter  Chord  Sweep— 

T£.  Sweep— - - — 

PROPULSION  BRIDGE 

Overall  Span- - 

Root  Chord  - - 

Gross  Area - - — — — * 

Aspect  Ratio. - - - 

Tip  Chord—. - — •— 

Taper  Ratio — - — — — 
Leading  Edge  Sweep. 

Quarter  Chord  Sweep — 


-566  ft 
-112  ft 
-86  ft 
-116  ft 


_ 156.00  ft 

_ .60.00  ft 

,4.69  ft 

_ 38,720.0  ft2 

_ _ 3.15 

_ _ 038 

.23.15  degrees 

_ —16.95 

-9.00 


_ 236  ft 

_ _ 64  ft 

.  13,087  ft2 

_ _4.25 

_ _ 47 

_ _ 0.73 

_ 19.60 

_ -17.78 


English 
.2,000,000  lb 

_ 249,300  lb 

_ 506,916  lb 

„u 17.048  lb 
__  101,620  lb 
_ _ 34,136  lb 
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EMPENNAGE 

Overall  Span. - — - 

Root  Chad. - - - 

Root  Thickness - — - 

Tip  Chord - — - 

Tip  Thickness - — - - — 

Empennage  Planform-Span  Area. 

Planform-Span  Aspect  Ratio - 

Taper  Fatin  ■ - 

Flight  Control  Surface  Area . — 


320.00  ft 
.85.00  ft 

_ 8.66 

_ 33.00 

—3.50  % 
.18.680.0 

_ 5.42 

_ 039 

-23323 


The  AEROCON  DASH- 1.6  wingship  Design  has  the  following  performance  parameters: 

Takeoff  Gross  Weight,  WO— - — - ~ ,  704  ?Z 

Empty  Weight.  WE  -  .3588  WO - — - “ 

Mai  Fuel.  WFmax-.52WO - - - ““ 

Max  Payload.  WP  max = 345  WO - - - —  *•£[ 

Max  Payload  at  WF  max - - - —  ~  |h/ft2 

Wing  Loading - - - — - ~ 

Takeoff  Speed  (Based  on  Cl  =  1.0)— - - -  '  ** 

_  .  ...  _ _ _ - _ 400 knots 

Cruise  Velocity,  VC - - — - - 

Cruise  (clearance)  Altitude,  HC — — - — — —  ~  ‘ 

Cruise  L/D - - - — — - —  ”  n  ^ 

Cruise  thrust  specific  fuel  consumption - — - - -  . 

Reserve  alternate  field  distance — - - — - -  3  ^ 

Additional  reserve  allowance— - — -  .  .  . 

(Fuel  for  an  additional  5 %  of  the  total  flight  distance  including  alternate  destinations) 

WEIGHT  BREAKDOWN  of  AEROCON  DASH  1.6.  (Note  all  weight  values  are  in  lb.) 


STRUCTURES  GROUP 

Wing  Structure  Weight . . . 

Empennage  Structure  Weight - — - 

Surface  Controls  Weight — — - — - 

Fuselage  Structure  Weight. - - - 

Propulsion  Bridge  Weight.  - 

Total  Structure  Weight— - - - 

Structural  Weight  Fraction . — - 

PROPULSION  GROUP 

Unit  Engine  Weight— - — - - - 

Number  of  Engines - — - — - * 

Total  Uninstalled  Weight - — - - 

Total  Installed  Weight-- - — - 

FIXED  SERVICES  AND  EQUIPMENT  GROUP 
Electrical - — - — - - - 

Hydraulics  &  Pneumatics - — . 

Conditioning  Systems - 

Equipment  &  Actuators - — - - 

Sensors _ 


—616,926 

-360,870 

_ 57,690 

—821,976 
—217,475 
.2,074,937 
_ 20.7% 


-12319 

_ 16 

.205,104 

.262333 


-36380 

-60,600 

-20,700 

.137,680 

-14300 
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Mission  Systems - — - — -  “ 

Fum&iings . 

Emergency  — - - - - - “  " 

Total  Fixed  Services  &  Equipments - 

Basic  Empty Weight— - - - - 

Empty  Weight  Fraction  - - — 

Operational  Item  Weights.  ,  ' 

Operational  Empty  Weight  "" 

MISSION  USEFUL  LOADS  (Max  Payload) 
Crew  4,500 
Troops  875,000 
Cargo  2370,000 

Total  Payload-- - - - * 

Payioad  Weight  Fraction — - — 

Total  Mission  Dry  Load — - - 

Mission  Dry  Load  Weight  Fraction - 

Fuel  Useable- - —  “ 

Reserve  Fud - - — ■ - 

Mission  Fuel — — • — - —  “ 

OQandHydiaulic  Reserves. - — 

Total  Mission  Fuel  &  Lubricants. - 

Mission  Take-off  Gross  Weight— 

DASH-1.6  GROSS  WEIGHT  LIMITS 

Max  Takeoff  (Water  w/PAR)- - — 

Max  Takeoff  (Water  w/o  PAR)- - — 

Max  Takeoff  (Land  w/PAR)- - — 

Max  Water  Landing - - - 

Max  Land  Landing - - 

CONSTRUCTION  MATERIALS 


WINGSHIPTECHNOl QGY  R°APMAta- 


_ 7J950 

-388,275 

_ 88,760 

.1,037,695 

.3375,165 

_ 33.7% 

—.213,600 

.3388,765 


.3,445,000 

_ .34% 

.3,449300 

_ ..34% 

.2397300 

_ 152300 

.3,050,000 

_ .2,400 

.3,052.400 

.10,090,665 


.10,692,000 

_8200,000 

_4,7OO,O0O 

.10,000,000 

-6,700,000 


wings  ip  «P*  u  S  may  anticipate  budding  in  the  future. 

wingships  that  the  U.i.  may  .  _>nomiW  characteristics  of 

Construction  materials  exert  a  substantial  influence  on  ™  imposs&  on  the  structures 

a  Mmplex  comb,MUO” 

which  are  operated  m  an  aggre  ^ 

rrzr— . i-SKSE -Ssssssssss. 

AlMg  61.  which  possesses  comparauvely  low 
ability  to  be  welded  and  corrosion  resistance. 
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WHiuonir  -  — - 

For  die  purpose  of  funder  snuctun.  optimisation  -  a iLTSUTSTS 

high-durable  .elded  aluminum  alloys  (with  a  yield  hunt  near  30  kgs/mtn  and  lens 

kgs/mm^). 

High-durable  aluminum  alloys  of  the  system  "aluminum-zinc-magnesiuin*  type  K48-2PCHT1 
partitions  and  thin-walled  structures  where  riveting  is  required. 


.  .  m  f,  tvne  have  been  successfully  used  in  aircraft  structures.  They 

Alloys  of  the  "aluminum-copper  system °[ v  ^TrLdUy^andled  in  production  and  repair,  but  they  are 

sas:  se;  s  • — -  -  - 

showed  that  this  alloy  could  ensure  a  fairly  len^y  period  of  opeaton  . 

,  r  ,h.  10Y1RNIOT  type  are  mostly  used  for  pyloo  structures.  Increased  requirements  in 
Non-rusting  steels  of  the  12X18N10  ype  dvnamic  stress  are  made  on  these  structures. 

SSSST-2  SSA  tyPC“C  Ufe  suppon  of  engines,  hydndrives  and  odmr  unin. 

"The  weight  efficiency  of  the  smraur^osj^ elements  in  junclions  of 
of  the  promising  applications  of  high-dura  po  ^  durabitity  for  the  entire  section. 

linkage  of  traditional  p confirmed  the  effectiveness  of  such  reinforcement.  It  should  be 
Experimental  research  of  the  wmgship_  _  g  ^  ,fa  .ction  ^  ^ed  for  their  more  compUcated 

noted  that  the  pace  of  *e  advisability  of  their  application  in  each  specific  situation  should  be 

and  delicate  technology;  therefore  f  ^ tf*  aspect  of  economics.  Foreign  experience  shows  that  a 

evaluated  not  only  from  technological*  b 


V 
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Appendix  C- Structures - '  be  achieved  through  their  mass 

.  cmictures  made  from  composites  can  be 
significant  reduction  in  the  cost  o ^  productions,  c.g.  during  mass  production. 

production  in  specialized  an  w  materials  in  wingship  structures  allow  us  to 

Positive  qualities  received  from  ^  " 

consider  them  one  of  die  most  promising  directions  op  ^  ^ 

tnicture  of  a  wingship  has  classic  aircraft  elements.  ^  most  of  ^  l0  the  method  of  joining 

The  struc  number  of  fundamentally  new  solutions.  This  ^  cation  of  the  500-ton 

features  requiring  a inm**  models  of  ^  1960s  were  mosdy  m«ed^  **  stnicturcs  were 

SUS*  *  *  -  *• — -  s“bilte  n“4e 

thin-walled  structures  of  the  deck,  the  auxiliary  p 

X*.  *££  i SSSfSr  £ 

2= -  -  - — — 8  - 

exceptionally  large  senes  of  expeiimental  tes  .  .„n,  A  muiu-span-cd  smictore 

•»< 10  c"ic 

possesses  an  advantage  ut  that  its  Cuime 

consequences  foe  tltt  wingship.  ^.gshlp  is  the  ose  of  the  cross  stntctore 

A  classic  design  of  joining ‘L'®r- 0RLAN  *"4  “* 

built  into  the  hull.  The  ig  , .  .  taye  ^  -operative  separation  on 

and  the  cantilever  part  of  the  wing  of  lhe.wm®*  ^  „  malleability  and  removal  of  the 

ZFJSZ  *“  WJ  *-* 

surface  of  the  apparatus). 


Figure  C-l 


.  Classic  Design  of  Joining  the  Hull  with  Wlngshlp  Wlng2 
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Appendix  D  -  Actuators 

large  wingship  flap  loads  estimation 

•me  following  is  a  rough  calculation  of  wing  flap  loads  and  actuator  requirements  for  a  series  of  Wingship 
sizes. 

LOAD  ESTIMATION  ON  FLAP  OF  WING  WITH  A  20%  CHORD  FLAP 

Flap  loadfiom  Reference  lfcith  assumed  d»  30- flap  deflection,  and  wingange  of  attack,  a-  1  .  giv« 
q  =  1/2_V2  =  about  1.0 

Example:  ORLAN 

Gross  weight  *  250,000  lb.  *  125  Tons 

Wing  span  =  103.4  ft 

Wing  chord  =  3 13  ft 

Wing  area  =  3,226  ft2 

Wing  loading  =  77  3  lb/ft2 

Flap  chord  —  0.20  x  3 1.2  =  6.24  ft 

Flap  span  (assuming  6  sections)  =  103.4/6  =  173  ft 

Flap  area  =  173x634  =  108  ft2 

If  takeoff  speed  is  140  knots  =  236  ft/sec. 

Aero  load  on  flap  =  1/2  x  .002378  x  108  x  2362  =  7,139  lb 
Moment  about  flap  LJs.  =  1/4  x  634  x  7,139  *  11,137  ft-lb 

If  actuator  acts  at  flap  hinge  point  offset  of  about  8in.=.66  ft ; 

then  actuator  load  =  ll,137/.66  =  16,874  lb. 


Example:  LUN 

Gross  weight  =  800,000  lb  «  400  Tons 

Wing  span  =  144  ft 

Wing  chord  =  43.6  ft 

Wing  area  =  6378  ft2 

Wing  loading  =  127  lb/ft2 

Flap  chord  =  030  x  43.6  =  8.72  ft 

Flap  span  (assuming  6  sections)  *  144/6  =  24  ft 

Flap  area  -  8.72  x  24  =  209  ft2 
According  to  Reference  2,  p  35, 

Takeoff  speed  is  340  km/hr  =  183  knots  =  309  ft/sec 
Aem  load  on  flap  -  1/2  x  .002378  x  209x309*  -  B«9  » 

Moment  about  leading  edge  (LE.)  =  1/4  x8.72  x  23.689  =  51.642  ft-lb 

If  actuator  acts  at  flap  hinge  point  offset  of  about  1  ft ; 


then  actuator  load  =  51 ,642  lb 


WtNGSHIP  TECHNOLOGY  ROADMAP 


maxim®  outfit  force  of  42.716  lb.  The 

„  .  *  — shed  it,  3  second  me  acmafo, 

If  we  further  assume  that  the  30  nap  ocu^u 
horsepower  ^^^^00/(550x3)  *  11.8  hp. 

Lockheed  Georgia  Wingdtip  Flap  Calculation 
weight  -  1W00  «>*  681  Tons 
Wing  span  *  108  ft 
Wing  chord  =  91  ft 
Wing  area  =  9,828  ft? 

Wing  loading  =  139  lh/ft2 

Flap  chord  «  0.20  x  91  ■  18.2  ft  _  - 

Flap  span  (assuming  6  sections)  - 

Flap  area  =  18.2x18  =  328  ft 

Takeoff  speed  =  (L/l/2x.002378xAxCLm») 


cncic  aic  iwu  0 
so  as  to  not  to  introduce  i 
hinge  point  offset  of  about  1  ft 

This  appears  to  be  within  the  current  state-of-the-art. 

Northrop  M1.6  Wingship  Flap  Load  Calculation 
N  Gross  weight  =  1,600,000  lb  =  800  Tons 
Wing  Span  =  141.4  ft 
Wing  Chord  (Average)  =  55  ft 
Wing  area  =  7,778  ft2 
Wing  loading  =  206  lb/ft2 
Aspect  Ratio  -  2.6 

Flap  chord  =  0.20  x  55  «  H  ft  _  ,  f 

Flap  span  (assuming  6  sections)  =  141.4/6  -  23.6 

Flap  area  =  18x23.6  =  259  ft 

Takeoff  speed  =  (L/l/2x.002378xAxCLn,„) 

With  Chmax  ~  .  ax  1/2  _  415  ft/sec=246  kts 

Takeoff  speed  =  (1.600.000/l/2x.002378x7.778xl.0) 
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Flap  aero  load  ■  1/2  x  .002378  x  259  x  4152  *  53.037  lb 
Moment  about  flap  LJE.  =  1/4  x  11  x  53,037  =  145,852  ft-lb 

Again  we  assume  for.  these  larger  systems,  that  each  actuator  package  contains  two  actuator  working  m 
parallel  and  there  are  two  packages  driving  each  flap  section.  These  packages  will  of  course  have  to  be 
synchronized  so  as  to  not  to  introduce  a  twist  in  the  flap  structure. 

We  also  assume  that  the  actuator  packages  act  at  flap  hinge  point  offset  of  about  1  ft 

Then  each  actuator  load  =  36,463  lb. 

If  we  further  assume  that  the  30°  flap  deflection  is  to  be  accomplished  in  3  seconds;  the  actuator 
horsepower  is: 

36,463x 1 xT  an30°/(550x3)  =  13  Hp. 

This  appears  to  be  within  the  state-of-the-art. 

Douglas  Aircraft  Wingship  Flap  Load  Calculation 
Gross  weight  =  2,000,000  lb  =  1,000  Tons 
Wing  Span  =  108  ft 
Wing  Chord  =  92.6  ft 
Wing  area  =  10,000  ft2 
Wing  loading  =*  200  lh/ft2 
Flap  chord  =  0.20  x  92.6  —  18.5  ft 
Flap  span  (assuming  6  sections)  =  108/6  =  18  ft 
Flap  area  =  18.5x18  =  333  ft2 
Takeoff  speed  =  (L/l/2x.002378xAxCLma*)1/2 
With  Ct  ,m»T  s  L0» 

Takeoff  speed  =  (2,000,000/1/2 x.002378x  lO.OOOx  1 ,0)1/2  =  410  ft/sec=242  lets 
Flap  aero  load  =  1/2  x  .002378  x  333  x  4102  =  66.557  lb 
Moment  about  flap  L£.  =  1/4  x  18.5  x  66,557  =  307,826  ft-lb 

Again  we  assume  for,  these  larger  systems,  that  each  actuator  package  contains  two  actuator  working  in 
parallel  and  there  are  two  packages  driving  each  flap  section.  These  packages  will  of  course  have  to  be 
synchronized  so  as  to  not  to  introduce  a  twist  in  the  flap  structure. 

We  also  assume  that  the  actuator  packages  act  at  flap  hinge  point  offset  of  about  1  ft  ^ 

Then  each  actuator  load  =  76,957  lb. 

If  we  further  assume  that  the  30°  flap  deflection  is  to  be  accomplished  in  3  seconds;  the-  actuator 
horsepower  is: 

76,957xlxTan30°/(550x3)  =  26  Hp. 

CONCEPTUAL  2,300  TON  Wingship  Flap  Load  Calculation 

Flap  load  and  actuator  load  requirements  here  are  based  on  wing  loading  trends,  taken  as  225  lb/ft2  and  an 
aspect  ratio  of  2. 
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Gross  weight  =  4,600,000  lb  =  2300  Tons 
Wing  span  =  202  ft 
Wing  chord  =  101  ft 
Wing  area  =  20,444  ft2 
Wing  loading  =  225  lb/ft 

Flap  average  chord  =  030x101  = 

FlJ  span  (assuming  8  secdMis)  =  202^- 253  tt 

Flap  area  =  20x253  *  504  ft 

Takeoff  speed  =  (L/l/2x.002378xAxCLmax) 

W“'  ' «  6000(WlBx.002378x20.444,1.0)'n  -35  W*c=257  to 

Takeoff  sped- VfM™*  ,13395to 

ET^t*  i  -  m  a  »  «  ^  ^  woltog  in 

Again  we  assume  for.  these  l^^ftateach  packages  ^  of  course  have  to  be 

We  also  assume  that  the  actuator  packages  act  at  flaphmge  point  offset  of  about 

300  nap  deflection  is  .0  he  a— bed  in  3  seconds;  the  actuator 
If  we  further  assume  that  the  w  uap 
horsepower  is: 

94,496xl3xTan30°/(550x3)  =  50  Hp. 

AEROCON  DASH  1.6  Wingship  Hap  Load  CalculaUon 

GmJwcight  =  10,000,000  lb  =  5.000  Tons 

Wing  span  =  340  ft 

Wing  toot  chord  =  156  ft 

Wing  tip  chord  =  60  ft 

Average  chord  =  108  ft 

Wing  area  =  38,720  ft 

Wine  loading  =  258  lb/ft 
Wing  io«u.  s  _  216  ft 

Flap  average  chord  -  ™ 

Flap  span  (assenting  10  secuons) -  340/10  -  34  ft 

Flap  area  =  21.6x34  =  734.4  ft 
Takeoff  speed  =  (Ul/2x.002378xAxCLm„)  ^ 

With  Cl™*  *  1'“’  w  002378x38.720al.0)u2  -66  fl/sec276  kts 

Takeoff  speed  =  lO.OOOW/1^^  ^  ^  ^ 

wXtwtTatout  flap^L^*  “  W  a  21-6  a  189,621  *  1,023  353  ^  contains  two  actuator  working  in 

Agaia  we  assume  (or.  these  larger  «J==. ■«  packages  will  of  course  have  to  be 

.!*-  ..CTtiue  that  the  actuator  packages  act  at  flaphingepoin,  offset  of  about  1.5  ft- 
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Then  actuator  load  =  170,659  lb. 

If  we  further  assume  that  the  30°  flap  deflection  is  to  be  accomplished  in  3  seconds;  the  actuator 
horsepower  is:  170,659xlxTan30°/(550x3)=86  Hp. 
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.  BALL  SCREW  WITH  DUAL  MOTOR  DRIVE 
.  48,200  LB  FORCE,  5.4  INCH  EXTENSION 
-  WEIGHT  IS  ABOUT  225  LBS 


winngHiOTgrHNQLQGY  roadmap. 
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Appendix  E  -  Results  of  Multi-Attribute  Mission  Ranking  (20-24  June  1994) 
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Appendix  F  •  Rough  Order  Magnttuda  Cost  Estimate 


Appendix  F  -  Rough 


Order  Magnitude  Cost  Estimate 


of  400-Ton  Wingship 


in  support  Of 

•v  •  ■' 

Contract  No.  MDA903-92-D-0056 


U.s  Army  Cost  Economic  Analysis  Center 
^  7  (USACEAQ 


DUtribod«lfaitedtoDODiadDODCofltt»rtBt»ooly« 


below. 


. - 

."-“•'SSSE3SS SJSSsS: 

„  detank  *****  a“  « £25J!S5»*  ■Pi?  *SS£ Sl3»  D0D’s 

haed  aircraft  H*  <°  ba^t,&^,  _J^£dy  in  «sPonse  “  ?* 

^ssssagasSS® 

estimating  methodology  for  _  fading  its  design 

for  hydrodynmme  loidj,  eatems  sue, 

.  Aifiame  is  of  «B  atamtoom  conanction 
.  <3x033  wdsfct  is  800,000  pound* 

.  Wdght  empty  Is  400,000  pounds 

.  Madjnomaini«dis400toJO 
.  Total  wetted  area  is  approrinatcly  O*-6™  “i0” 

•  Design  load  is  6  g 

.  ^(^c.copablcof^ponnadotdr,^ 

.  Azoles  otctato  vOutl  ^^fcmaistto6niffinietown«» 

at  negligible  cost 

.  R^i^^--^^etodDpnort 


are  required 
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Roggfa  Order  of  ^  EsfcnaU  of  400-Toa  Wingship - - - - - 

•  The  craft  is  built  in  the  late  1990s 

•  One  prototype  is  built  and  becomes  operational. 

TM,  windM  ranges  for  the  com  of  development  and  fra  unit  of  the  airframe, 

propulsion,  and  avionics. 

ttretr  LOW  EMI 


2BS 

Airframe  Development 
Airframe  First  Unit 
propulsion  Development 
Propulsion  Hist  6  Units 
Avionics  Development 
Avionics  for  Hist  Unit 
Total  Vehicle 


$4,512  M 
967  M 
370  M 
48  M 
89M 
59M 
$6,045  M 


$4,901  M 
980  M 
682M 
60  M 
172  M 
59  M 
$6,854  M 


A  much  higher  estimate  for  ait&amedeveiopmem  and  production  was  otdndedtoaMe 

tL,  Mtirnatnr  fat  it  was  outside  the  reasonable  range.  The  process  of  sdccting  appropriate 

of  medtoda  bared°n  miliary 

ScSftatpaience.  TlaiiniblCTlaitoiMgytftepMMBamofihewiiipliipaict  wg 
Ste  of  d^o  load  «od  wdgbt  so  omade  tt*  tan*c  * 

mfflatyaiietafmpoa  which  modda  are  based.  For  cample,  die  modd  tat  pm 

u  *  Imr-linear  form  that  is  particularly  sensitive  to  the  Input  for  ultimate  design  tod. 
^X^’adSload  of  «  g  UUgtefta.  are  formal  load  far  a  cajo  arenaft.  £ 

"S7  •Ttekc^eave  an  Same  dewtopmott  cost  of  over  *12  WUoa  when  the 

r^^Tlbis  illaaiSttre  ptoblem  of  extrapolating  estimates  bosond  the  range  of 
^rrifrtiTig  data. 

The  wingship  technology  roadmap  acknowledges  the  uncertainty  of  £ 
and  designing  to  a^ge  wingship  and  suggest  research  m 

emerienceTor  more  detailed  theoretical  knowledge  of  thee  probkans,  it  ^ 

based  on  conventional  aircraft  to  estimate  the  cost  of  a  wingship.  Oncostudies 

SdSL  on  selecting  materials  and  designing  structures  for  wingsh^s,  <ff 

can  be  then  estimating  CERs  can  be  adjusted  or  an  engineering  estimate  can  be 

to  reflect  the  wingship’s  unique  requirements. 
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■.-.I.  rw,  </  Minima.  Ont  Estkut.  of  400-T<»  Wi^Mp 
1.  PURPOSE 


1.  PURPOSE 

In  Novenier  of  1992  C^s 

whether  It  had  any  taerest  to  fflrtmg  a  «o«^£^v  ijae6aL  ^  wo 


^y  «*io»  pomnflal  and 

application  of  existing  and  near  teem  western  technmtga afoacaaa£l  pf  wingship 

indndea  .  fenne  National  wingship  of  roughly  400  tons 


SSSSr-Sa: : 

te  rhis  unusual  vdude. 

\ 

2.  BACKGROUND  AND  SCOPE 

A  wingship  is  a  watertesed  ainiaftfhat y'^^^^e’otoB^eUteiSftoni 
enhance  its  digit  poformance.  Thec^^fiy««^yciosetome 

my  rtZs&t*  although  UA  companies  ham  prodneed  deogns  for 
wingships  of  up  to  1000  tons* 

Potential  ndssions  fa  an  ■ eperafajal 

Sf JSS-nS ^  “  .?**  **  toe 

distances  and  sit  at  sea* 

The  wingship  technology  development  toadnny  is  hased  cm  fa  Mgltattfcar^d^ 
oriented  wingships,  each  of  inocaang  sire,  ^^afsooo  tons  gr"«*  weight  to  achieve 

tSL-K-fc  •thehjpat 

overall  transport  cfnnmaes  wmen  ngnmwm  j  tun  at  about  400  tons. 

wingshfcbuiUfaanyoperaliomtlcaiceptdemonsttalhm^falliismxttlAi^ls  t 

Hie  design  of  a  structure  significantly  larger  man  mis  u  sccu  «  ^ 
obstacles  to  wingship  technology  devdopmenL 

Hie  sequence  of  building  successively  larger  craft  would  buDd  a  tefbno^yJ^s^<^ 

*»»di»g  Ml^t  foStoS^mdd  be  boat  at  ten 

would  be deslgnedby  1996  and  built  by  and  used  as  a  test  bed 

year  intervals.  The  program  assumes  that  me  luw  is  purenassw 

concurrent  with  development  of  the  first  craft 

The  roadmap  indudes  sections  on  ei^ittecimtdo^-^topulaOD,st^^Sj^^«Md 

naviga^^S,  tate  off  and  landing  technology,  flight  simulation,  design  methodology, 
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vehicle 

Airficame 

Propulsion 
•  -  ! 


4,5 

6,7 


Stfr* 

....  analoBf.I»amanc 

Avtonte  _ fer  tbeoMt  «*“““• 

3  GROUND  RTMS  AND  ASSBMmONS 

.  cort^pr^inFY*^ 

•  Gross  weight  is  800,000  pounds 

•  Wright  empty  is  400,000  pounds  ^ 

.  Ma^n- airspeed  is  400  icnots 

•  Design  load  is  6  g 

j  .  of  large  conmieiaaltuAo^ 

•  En^ncs  are  denvanves  drv  thrust  each  are  required 

.  M*»'***m’"**~ 
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negligible  cost 

„T.  testanide<tarii>8de™i0P,,iellt 

.  jusaanUIN  is 

.  ine  craft  Is  built  tote  la»  l"05 
.  prototypu  is  ^  and  bccouua  operas 

DEVSXOEMENT  ^-ratnmeut  homogeneous  to  the 

SSfSS— “--**1 ~  .  _ -...-■ 

in  air  and  water- ^Sher  words,  tfacstrumre^A  attjngfi0t  tequhemeuts 

materials  aic  poor  energy 

byaudagship.  _ resolve  sm^ 


roadmap speBsoussp^-T--,,- fa tou  Coostrucooa  iu^-- 

^e^S&SSKasaj-iasssB 

s^^sSSr.’css.‘»-*«. 

also  more  expensive  ^  case  of  the 400  tea  wingsidp  because 

uuc^y  £^£2*#  °^toe«mU^t 

^heBassiflns  have  dx^^^^^^atructe^0faiuininam»  designed 

sssspse*'”-*-1*  _ MJl». 

JsssKtr^"1 -• - -1 " 

4.1  MSP  MxM  cfAbfimt  Nm^^wul^  maaibcu  IMP  bailed 

.jastffiSKsassat---— 


P.008 
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it 


^  y^OUiWV  -  -  * 

as  the  wingship-  .  ,  f  13  military  aircraft  are; 

1D0  _  TTW-^SP-*® 


•^“fsSpir  - 

ESS™ sr«»  ;  ssFfea. ™>* 

idlest  cost  ($000)  .  .000306  SW^jgf 

recurring  engineering  ho^sC00^  -  .00787  EW"^ 

recurring  tooling  hours  (000)  «  .141 EW"^ 

SS  ^^MOTO  -  -540EW“SP" 

nmufiict  nal^l  «“•  ®aoo)  _  .076  labor  houn 

quality  assurance  hours  (poo) 

^  m  aircraft  empty  weight  in  pounds 

gp  m  maximum  speed 

TESTAC  -  number  of  test  aircraft  ^  My  burdened 

study. 

SS*®  *&» 

MaraS*®*® 

Quality  Assurance  $o5.ou 

.  ....  -*-*—  nf  each 


******  * 

£SoE?oMt etaneoo ainilwoblo ® suoemte.  attorn, 

^I£2S4-— ' ^3s£&^ 

SHJ.er^sS£Ssff4awSS5' 

ggSgSawassassss:-'- 

maximum  speed  of  400  knots. 
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=2 - - .  _ .  -i-^nents;  non-recurring  engmeeong 

The  model  estimates  four  evaluation  of  the  basic  airframe*,  non* 

encompasses  the  study,  analysis,  df  duplicate  tools  produced  to  penmta 

jecu^wiiiflg  Indudes  the  intoaljet  ^*5-.  d-^tSait  support  u  tim  non-iecumng 

medfic  rale  of  productionon  a  the  development  phase  of  an 

■ESsssss BS3S£SSt-«“— “ 

The  model  estiotalsd  a  total  cost  for  non-ieconiog  ai^neeongi  notMOCttrrin,  tooling# 
and  support  of  $4,901  million. 


categories  axe  total  ' fiStofcune  ’iMnufecturing  materials,  and  fi»taiifra^ 

test  equipment  and  tooling  materials,  first  the  first  airframe  is  considered 

mmSring  and  quality  cm*olWxx-  Jto  ^s  c^^^r^^p0ses  of  the  wingririp 
a  prototype  and  therefore  part  u  ^jh  be  considered  mission  capable.  <n,®Jjrst 

program,  only  one  unit  will  be  pro*10^®^,  mesented  here  as  non-recurring,  or  design 
tos  categories  of  airframe  airframe  are 

Tl»  aiiftame  development  CERa  axe  ahowo  below. 

Total  eng,  labor  (Mroanhoun)  -  (EROTO)*“ 

assasss*  : 

N2ULT  *  ultimate  load  factor  in  g  forces 

TOGWCL  *  takeoff  gross  weight  clean 

canopy  in  square  feet 

TOWMAX  »  maximum  takeoff  gross  weignt 

load  factor.  400»a.  Tteinpatfortdttad* 
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„  _ _  of  400-Tcn 

P^n^ofMagnltndeC^t - 

—  *  _ _ Aa  Russian  4JA- 


*W«  4.1  ®1 6-3  *•  Tke“°“  ^v^oftgtoshowtbeanAW^ 

model  to  tistopA-  .  _ hWoff  press  weight less external 

scSsSsa?— ^  ~ 

roadmap-  Tte  motor  of  pto°W>  te  njmoas  of  mao-tairs  to 

»  <~^*SS£S5^«*K£SgjW 

2^j^ffS3S3^i*ir3» 

airframe. 

.  ireraAME  FIRST  UNTT  COSTS 

,v,^TJrtJtoframQau<*UimMM 

■nurrffl?  drama  costs  to  100  alrtome 


by  toBfiotialcosretonen^  ^  ‘F'^’Sf’fflLitaes  to  cadi  cost  <**"»*  “* stanra 

{ECSS*^**  ijaninj  curve  slopes  to 

below.  .  — _  srntai  since 


genual 

Engineering 
Recurring  Tooling 
Manufacturing  Iab« 

Manufacturing  Material 

Quality  Assurance 


aBL4^lflts  QMJSaLam 


7096 

73% 

78% 

87% 

78% 


140% 

146% 

156% 

174% 

156% 


Quality  Assurance  '  .  necessary  to  back  up  the 

ssssrsss— ■«— _ 

nr"!*  m  cumulalive  tots!  costio^lQO^  ^ 
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08/3U/U4  x«:wo 


is  oifid  to 


tt»  first 

Sj£t  tad  1  development  to  Produc&m  fr*>^  Tho  ledprocal  of  .77,  or  1.3, 

tesoto  in  aptotowe- «*' cost. ofS967 

,,  m^r^vaA^Co^toOnmmnUM 

**  _ _ the  cost  of  manufacturing 

TteCHRsmosh-mbdow. 

Tbe^cese 

Uvety^^tesmppcdvpSANDestoale. 


I  Airframe  First  Unit  I  - 1 — : - - - 

reomaoN  background,  estimating  meihodowg®,  and 
development 

kingships  preseotayaifficuttproW^^^^^f^^^^^^^^^^^^toust  to 

aassasttswa— — 

7 


6. 
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iMluiiuiUlnlI  Tlir  fl-*— 

==— -  , -Tfud  r-i 1^°"  ^  '•^acBl  opf^,.  .^windmill-  » 

’SSSS^sssssSS^sSi SjggSgip 

over  long  distances.  —aa*  aMtional 


front  of  tne  wings  ‘.TL^rded  as  a  structures  piw*- - 

^gj.  Tiis  ttiinoloW  s  I^lrtea 

“  -attwaaassattRSSS® 

Of  the  augmeattd  ertua  «  «S““ 

...  .« _  ~t  Vnffh  hvrmss 


airnow. 

fa  the  «anmor.  SfSdaag  oils  to  «?* 

models  is  qucstionabie  bccmsc  “  commercial  engines  d  ^  e 


2 
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*0*7  UU  OAA  AW*>< 


^  Tta*  perfenran» 

An  sample  of  a  pmmnette  model  STuHi^e*  ““> 

outrine  engines  w  ***?!?  hl^te  j^Lam  «mst,  maeh  muni)*,  jylTSjff 

mfbo&n  *pn*  andreguu«  size  and  the  cost  ot  test  hari™»- 

temperature.  ^^^J^^J^^^eoSiaapuW&f  ramnalerawtaiid 

teomca*Pne»enyite»aop»^^g^f^^ff1^Stt'^» 

the  drv  thrust  performance  of  a  commercially  avPao“^rr£^,,,(,  ^  the  imimie  nature  of  tins 
augmentor  and  adapt  the  engine >  t®  tte 
development  program,  expert  judgment 
wingship  propulsion  developmeaL 

t.l  Pmpuldon  Development  Using  Expert  Judgment 

^  SSJ 

1.  Fan  augmentor  fcasjbUlty'assesanieotfdfi  parametric  testa 

2.  Resolve  propulsion  sizing  iaaues  and  salt  water  ingestion 
hardening  planning 

3.  Toxic  sea  ”tt  combustion  issues 

4.  Acquire  candidate  engines  and  salt  harden 

5.  Salt  water  ingestion  testing 

6.  Full  scale  augmentor  rig  development 

7.  Salt  water  combustion  toxicity  mitigation 

8.  Augmented  engine  full  sole  engineering  development 

9.  Augmented  engine  devetopmeotltoougd  limited  production 

decision 

10. 10  engines  fir  preUndmrj  JEgtu  test  nutng 
Total 


$2.0  M 
L2M 

3.9  •  $4.8  M 
9.3  M 

15.4  M 
3.5  M 

6.9  M 
106.0  M 

120.0  M 
IQO.Ohf* 
$370.0  M 


JLU141 

, .  ^  ,  „.m.nt  costs  rather  than  flight  test  costs  at  discretion  of  the 

*  Included  in  propulsion  development  costs  miner  maa  m*u 

estimator. 
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. --*,<•**  Esant.  .f  Wgegj^S - 

gg^oBtejwtg —  ILtne  cost  of  mgw  testing «* 

Tte  total  of  S3T0  offlo"  otdDdeJ  ft 

^S5sS‘.‘S,SSsS.““S 

tD  a  more  typical  production 

engines  produced  fig  . the  ^pgid  be  modest  compg”^^  ^  comparison 

TSzJlt  costs  for  “nP1070001?^-^^^  model  mmHflcahoa  flight  taring 


MQIDEVCOST  ■  -845.804  +  .005CISKMAX)  -.54  750  pounds  of  thrust, 


7.  IROPD1SION  PRODUCTION  appropriate  ealtaaling 

-  _ _ *~ini  Engine  in  Samt  Dry  must 


^  ««*,  fccWns  ft. 

«.  *-  y»  f  » 

aan&xs*'*  cottof fZffih  pwtoaton  «y“””^^Stag  costs  for  fte  ensue. 

me  not  given  seP®**V<Ti??fore  iMludeboth  design  and  ^  comparison 

gnmetetoiglsnee osaftB^*^^  ^  nffiai,  engneso^^  ^ 

soch  as  these,  a  mib®  v 
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311  iuu 


7J  Etp.rt  Juizmmt  m  En*f'ie  Production  CoS  —af,  judgment  TO 

— W.y»‘3i Stf  W»~arS3» 

MO 2HS5S53*-**"4' •' Bs“«ttes,nB 

\w  RAND  in  1982.  Th®  Aa  moducdo0  816  «n<Tine*g  material  content 

sshs 

»*ich  are  itau^it  to  (invo  «». 

“““  .-^..-■gas 

H»  inputs  ftn  an  engine  2282  dfignes^  Ite  nodd  ^ves  an 

„54,750p^<rf^^^^^d^aonn»ap«nds.  TTOmooa^ 

value  of  madtonefi*. ^5  tflOOOunils  of  »J  t^00- 

avenge  unit  production  BAND  database  had 

iQg2  RAND  study  says  that  a  sub-sample  1000th  unit  to  get  *  *j”J 

*  »~  ■  ?S3»^«ssss-»“ 

cars ssiSffi**1— 

parametric  method. 

7.4  Propulsion  Cost  Estimate  Summary 


uld  reauiic  more  modest  avionics  awoSlnot  require 

11ie5Wi^S^t^^cati0Q*  "d  ffi^|CSL2ES£  target  acquisition  and 
*"&■ os iot, dectrcmb^enr^ 


r  aircraft  It 


a 


SEP-30-1994  14:07 


703  021  1037 


P.016 


08/30/94  17:10 


04. a 


CERa  based  on  ^rTwingsM?  10  Hjg?  ^  baa  separate  <g“g 
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